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UNIT ONE

Substances

VOCABULARY

Translate the following words and write them down!

aluminum (n) density () oxygen (n)
application (n) fragile (ad)) poisonous (adj)
boiling point (adj+n) fusible (adj) property (n)
carbon (n) hardness (n) protein (n)
copper (n) iron (n) soluble (n, adj)
corrosive (adj) melting point (adj+n) starch (n)
crystalline (adj) nylon (n) substance (n)

Before you read answer the questions:

1. What is chemistry?

2. What does chemistry study?

READ the text!

SUBSTANCES

Iron, aluminum, copper, water, sugar, oxygen, carbon dioxide, starch, proteins
are all substances. Now several million substances are known, but their number is
growing all the time. Some of the substances are found in nature, others like capron
and nylon are created artificially. Each substance has been studied and got its own
name. Substances can be somewhat similar to each other, but each of them is
necessarily different from the others, each has its own characteristics, its own

properties.



One of the tasks of chemistry is to describe substances.
To describe a substance is to enumerate its properties. For
example, table salt is a colorless crystalline substance (white
when ground), salty in taste, fragile, soluble in water. When
describing substances, their properties that can be measured

are also indicated, for example, melting and boiling points,

density, etc. The properties of substances also include their
effect on the body. Many substances are poisonous. Therefore, unknown substances
cannot be tasted, you can get poisoned. Some substances are corrosive to the skin

and should not even be touched.

It is necessary to know
/ ‘ the properties of substances in order
to find their application. This, our
distant ancestors appreciated and
used the extraordinary hardness of
1 the silicon mineral to make the first

- weapons and tools from it. It is also

necessary to- know the properties of substances in order to handle them properly.
For example, products made of capron and nylon should not be ironed with an iron
that is too hot, as these substances are fusible and can melt under the iron. It is also
necessary to know the properties of substances in order to recognize substances, to

distinguish them from each other.

1. Protein is not a substance.

2. Substances can be found only in nature, they can’t be created artificially.
3. Salt is a colorless crystalline substance, salty in taste, fragile and soluble in

water.
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4. Some substances which corrosive to the skin and can be touched.

5. Our distant ancestors made the first weapons and tools from silicon mineral

because they appreciated its extraordinary hardness.

artificial

1. Salt and sugar are

2. Substances can be

melting and boiling points  crystalline  density

properties  soluble  fusible

substances which are in water.

by their nature.

3. The properties which can be measured are and

4. It is very important to know the

them properly.

5. Capron and nylon are

of the substances to work with

so they can melt under the iron.

1. distant a) substances

2. effect b) points

3. unknown C) ancestors

4. properties d) artificially

5. melting and boiling e) on the body

6. created f) that can be measured




\
e v boiling point  melting point
corrosive  crystalline  density  fragile fusible
hardness  soluble poisonous

substance property substance property
water boiling point carbon
protein copper
silicon iron
nylon salt
aluminum starch
sugar capron

Ximis - 1€ Hayka NpO pPEYOBUHHU: iX CKJIaJ, OyIOBYy, BIACTUBOCTI W
B3aemoriepeTBopeHHs. [IpenmeroM Ximii € XiMi4HI €E€MEHTH Ta iX CIOJYKH, a
TaKO 3aKOHOMIPHOCTI, BIAMOBIAHO JI0 AKUX MPOTIKAIOTh XIMIUHI PEAKIIIi.

Ximis gk 1 0araro IHIIMX NPUPOJHUYUX HAyK BUBYae martepito. Jlroau
Ha3MBaIOTh MaTepi€r0 a00 PEYOBHUHOIO BCE, 10 ICHYE Y CBITI, a MPEIMETH.

XiMI4HI pEYOBUHU MalOTh pi3Hi (Di3UYHI BIACTUBOCTI: TEMIEPATYPY KUIIHHSA
Ta IJIABJICHHS, KOJIp, CMaK.

barato peuoBuH € OTpyiHUMH, TOMY Tpeba 00epeKHO HUMU KOPUCTYBATHUCH.




UNIT TWO

Pure substances and mixtures

y/

=

VOCABULARY

Translate the following words and write them down!

7érrn’ount (n)>
to bond to (v)
cell (n)

to compose (V)

to depend on (V)
to dissolve (v)
to extract from (v)

foreign impurity (n)

solution (n)
to suspend (v)
tissue (n)

vaporous (adj)

to consist of (V) gaseous (ad)) volume (n)
to contaminate with (v) lump (n)

powder (n)

solid (n)

Before you read answer the questions:
, = 1. What is substance?

*4 2. What kinds of substances do you know?

READ the text!

PURE SUBSTANCES AND MIXTURES

Whatever we study, the question always arises before us: what does
the subject under study consist of? So, most living organisms consist of organs,
organs of tissues, tissue of cells. And what are substances made of?

The smallest particle of water is a water molecule. The smallest sugar particle

Is a sugar molecule, etc.



Pure SUBSIANGES Substances can have both
Chemical Etements Compounds Crystats molecular and non-molecular
v structure. In gaseous and vaporous
- - b form, all substances are composed of
sutfur water Protein Crystals molecules. But the same cannot be
% said for solid crystalline substances.
e T TR For example, a component in quartz
crystals, in granite, etc. is silicon atoms, which are chemically bonded to oxygen
atoms. There are no molecules in a quartz crystal. Many other substances, which
look like large and small crystals, are also non-molecular in structure. For example,
there are no molecules in the known crystalline substances - sodium chloride and
soda.

All molecules of a given substance, for example, all water molecules are
the same, but differ from the molecules of another substance. Therefore,
the properties of different substances are different, but for the same substance they
are the same. So, sugar is extracted from various plants and is sold in the form of
granulated sugar, lump sugar, powdered sugar. But they are all the same substance,
the same sugar with the same properties. Dissolving in water taken in equal
volumes, the same amount of granulated sugar, lump sugar and powdered sugar, we
get solutions of the same sweetness. A substance always has the same properties if
it is not contaminated with foreign impurities or contains BT

very little of them. This is, for example, distilled water (as

opposed to river water). Therefore, distilled water

Compound

everywhere in the world at normal atmospheric pressure
(101.3 kPa) has the same boiling point of 100°C), the same

Mixtures

crystallization temperature (0° C), the same density, equal
to 1 g/ cm3 at 4°C, etc. The properties of natural waters are Fomageneots — Heterogencous

not the same and depend on the impurities they contain.
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In practice, we do not find completely pure substances, and we have to be
content with one degree or another of their purity.
In life, as a rule, we meet with mixtures of
= substances. So, air, as we know, is a mixture of
* several substances: oxygen, nitrogen, carbon
dioxide, etc.

By shaking the chalk powder in water we

/
N

get a mixture of water and chalk suspended in

it; its particles are visible to the naked eye.
However, in appearance it is not always possible to guess that we have a mixture in
front of us. So, milk seems to us to be a homogeneous substance, but under
a microscope it can be seen that it consists of drops of fat floating in a liquid,
therefore, milk is a mixture of substances.

Solutions are a special case of mixtures. Shaking sugar in water, instead of
a cloudy liquid, we get a transparent solution of sugar in water. It is impossible to
see sugar in it, not only with the naked eye, but even with the strongest microscope.
However, the presence of sugar in the solution is easily detected if the solution is

tasted or, by placing a drop of the solution on a clean

glass, let it dry. The sugar will remain on the glass in e »  |[® °® o4«
L [ 5 e o
the form of crystals. é° - L |loe% oo
e ] ‘ ¢ Y
When dissolved in water, sugar is broken down | ¢ * e ®e %0

Pure Substance Mixture

into molecules, which are distributed between water

molecules.

1. Most living organisms consist of organs, organs consist of tissues

and tissue consist of atoms.

11



2. It is known that substances can be of molecular and non-molecular
structure.

3. All substances in gaseous and vaporous form are composed of molecules
but substances in solid form are not.

4. Usually in nature we can find mixture of several substances but not

completely pure substances.

5. A special case of mixtures is called solutions.

properties  impurities  non-molecular  pure  transparent

1. Many substances which look like large and small crystals are in
structure.

2. A substance always has the same properties if it is not contaminated with

foreign or contains very little of them.
3. When we shake sugar in water, we get a solution of sugar in water.
4. We do not find completely substances, and we have to be content

with one degree or another of their purity.
5. The of different substances are different, but for the same

substance they are the same.

1. living a) water

2. vaporous b) temperature

3. solid crystalline c) atmospheric pressure
4. granulated d) substances

5. foreign e) organisms

6. distilled f) sugar

12




7. normal g) impurities

8. crystallization h) form

tobond  tocontaminate  todissolve  toextract  to suspend

1. By shaking the chalk powder in water we get a mixture of water and chalk
which is in it; its particles are visible to the naked eye.

2. If we the same amount of granulated sugar, lump sugar and
powdered sugar in water taken in equal volumes, we will get solutions of the same
sweetness.

3. A substance always has the same properties if it is not with foreign
impurities or contains very little of them.

4. Sugar is from various plants and is sold in the form of granulated
sugar, lump sugar, powdered sugar.

5. A component in quartz crystals, in granite, etc. is silicon atoms, which are

chemically to oxygen atoms.

Uneri pevyoBHMHM CKIAAIOTHCS 3  YACTHMHOK  OJHIE] PEYOBUHH 1
XapaKTEepPU3yIOThCs MOCTIMHUMH BIACTUBOCTAMHU Ta CKJIAJOM, 110 HE 3aJ€KUTh Bij
TOro, sIK i 100yBajau Ta Jie BoHa mepedyBae y mpupoai. Hanpuknan, camopomaok
30J10Ta, ra30Moi0Ha PeUOBUHA XJIOP Yy 3alasiHid CKIISHIN aMITylli, BOJa Y CKJISIHIII.
YucTi peyoBUMHM Yy TMPUPOII 3YyCTplyaroTbcd HabaraTo pifmie Ta HE ICHYE

a0COJIIOTHO YMCTHX PEUYOBUH (0€3 JOMIIIOK).
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Cymimn — noeHaHHs JBOX 4uW OibIle pedyoBHH. ICHYIOTH MpUPOIHI cyMmilii
(moBiTpsi, TIPYHT, TpaHIT, MOPCbKa BOAA, MOJOKO, HadTa, (PYKTOBI COKH,
MPUPOJIHUM Ta3) Ta IITY4YHI CyMIilll, SKi CTBOpHIIA JIFoAuHA (CTajdbh, YaBYH, KBac,

OyaiBenbHI cymin, 6eH3uH, GpapOu, MpanbHi MOPOIIKH, 3yOH1 MaCTH, KETUYIIH).
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UNIT THREE

Chemical reactions

VOCABULARY
g ~ . Translate the following words and write them down!
@?Ej ARY & =
absorption (n) : finely ground (adj) occurrence (n)
to calcine (V) heating (n) odor (n)
combustible (n, adj) to ignite (v) precipitate (n)
explosion (n) lime (CaO) (n) release (n)
to facilitate (v) sediment formation (n)

Before you read answer the questions:

1. What is chemical reaction?

2. Is it easy to start a chemical reaction?

READ the text!

SIGNS AND CONDITIONS OF
CHEMICAL REACTIONS

What external features do we use to distinguish chemical phenomena from
physical ones? During chemical reactions, different substances are formed from
one substance. By the disappearance of signs of the former and the appearance of
signs of the latter, as well as by the release or absorption of energy, we conclude

that a chemical reaction has taken place.

15



While calcining a copper plate a black
coating appeared on its surface; while blowing
carbon dioxide through lime water a white

precipitate formed; when wood was burning,

water droplets appeared on the cold walls of

the vessel; when magnesium burned, a white

powder was obtained.

13
= &SI
Changes in color, odor, sediment formation, gas formation, release or
absorption of energy are all signs of chemical reactions.

What needs to be done to start a chemical reaction?

To get it started, first of all, it is necessary to bring the reactants into contact.
The more crushed the substances, the larger the surface of their contact with each
other, the faster the reaction between them proceeds. A lump of sugar is difficult to
ignite, and finely ground and sprayed in the air, sugar burns instantly, with
an explosion.

You can break up a substance into tiny particles by dissolving. Therefore,
the preliminary dissolution of the starting materials facilitates chemical reactions
between the substances.

In some cases, contact of substances, such as iron with humid air, is sufficient
for a reaction to occur. But often one contact of substances is not enough for this.

Thus, copper does not react with atmospheric oxygen at a low temperature of
about 20-25°C. To cause the reaction of the combination of copper with oxygen,
you need to resort to heating.

Heating affects the occurrence
and course of chemical reactions in

different ways. Some reactions
require continuous heating. When

heating stops, the chemical reaction

stops. This can be seen in ==

16



the example of the decomposition of sugar. —
In other cases, heating is required only for the occurrence ‘ X

of a reaction, it gives it a kind of impetus, and then the reaction ‘- --’

flows by itself. This happened when burning magnesium, wood I DN

and other combustible substances.

? TASK 1. Find out if the following suggestions are TRUE or FALSE.

* i 1. Different substances are formed from one substance when
chemical reactions take place.

2. The release or absorption of energy shows that a chemical reaction has
taken place.

3. The reaction between different substances starts faster if the surface of
the substances in contact is small.

4. Copper reacts with atmospheric oxygen at a low temperature about
20-25°C.

5. Heating does not affect the occurrence and course of chemical reactions.

oxygen  coating  powder  droplets  precipitate

1. When we calcine a copper plate a black appears on its surface.

2. When we blow carbon dioxide through lime water a white forms.
3. When we burn wood, water appear on the cold walls of the vessel.
4. When we burn magnesium, a white is obtained.

5. When we heat copper, it reacts with

17



1. chemical a) powder
2. water b) of energy
3. white c) formation
4. release or absorption d) phenomena
5. sediment e) substances
6. combustible f) of sugar
7. decomposition g) droplets
Uigm P, .

% @) " TASK 4. Choose the appropriate verb.

toblow toignite  tocalcine  tofacilitate  to break up

1. If you a copper plate, you will find a black coating which appeared

on its surface.

2.'You can a substance into tiny particles by dissolving.
3. Itis difficult to solid substances.
4. The preliminary dissolution of the starting materials chemical

reactions between the substances.
5. If you carbon dioxide through lime water a white precipitate will

be formed.

VY mpupoii 3ycTpidaroThCsl Taki SIBUINA, K1 MPUBOMASTH 10 TBOPCHHS 1HIIMX,

a00 OJHI PEYOBMHHU IEPETBOPIOIOTHCS HA 1HIII, 3MIHIOIOYH BJIACTHUBOCTI. SIBHIIA,

18



SK1 IPUBOJIATH 10 YTBOPEHHS OJHUX PEUYOBHH 3 1HIIHMX 13 HOBUMH BIIACTUBOCTSIMH,
Ha3UBAIOTHCS XIMIYHUMU.

XiMI4YHI SBHUIIA HA3UBAIOTHCA XIMIYHUMU PEAKIIISIMH.

YMOBH, 3a IKUX BiJI0YBaIOThCS PEaKIIii:

- KOHTAKT PEYOBUHU;

- MOJPiIOHEHHSI, TEPEMILITYBAHHS;

- HarpiBaHHS.

O3HakaMu XIMIYHHMX Peakiliid € 3MiHa KOJIbOPY, BUJILICHHS Ta3y, MOsiBa ocaay

Ta BI/II[iJIeHH}I TCIIJIOTH.

19



UNIT FOUR

Elementary and complex substances

)

VOCABULARY
__ Translate the following words and write them down!
" vocasuLARY S5
E(;rhplex (adj) o homogeneous (adj) to retain (v)
elementary (adj) hydrogen (n) sulfur (n)
to glow (v) mixture (n) test tube (n)
red-hot (adj)

Before you read answer the questions:
7‘\1\ 1. What types of substances do you know?
e LU

2. How can substances change their properties?
READ the text!

ELEMENTARY SUBSTANCES AND
COMPLEX SUBSTANCES

Some substances(matters) such as oxygen
and hydrogen are composed of molecules formed
by atoms of the same kind. Substances hydrogen

and oxygen are classified as simple. Other

substances such as water contain atoms of
different types. Such substances are classified as complex.
Substances consisting of atoms of the same type are called elementary

substances.

20



In addition to hydrogen and oxygen,
the elementary substances from among
the known include graphite, sulfur and all

metals: iron, copper, magnesium, etc.

=, Graphite consists of atoms of only one
- ,;},}_, type - they are called carbon atoms; iron -
also from atoms of one type - iron atoms; copper - only from copper atoms.

Substances consisting of atoms of different types are called complex
substances.

Water, carbon dioxide, copper oxide are complex substances.

It is necessary to clearly understand the difference between elementary and
complex substances. Let's make an experiment. Let's prepare a mixture of 4 g of
sulfur and 7 g of iron. Pour this mixture into a test tube and heat it slightly. Soon
the mixture will begin to heat up by itself without further heating and will glow
red-hot. This means that a chemical reaction between iron and sulfur, accompanied
by the release of heat takes place. If we examine the substance obtained, we will no
longer see either iron particles or sulfur particles. We can see a homogeneous black
powder. Let's bring a magnet to the powder. The powder is not attracted by
a magnet, does not separate into sulfur and iron by water. It differs from both sulfur
and iron in density, melting point, and all other properties.

Iron and sulfur have combined and formed another substance - iron sulfide.

Iron and sulfur are elementary substances. Iron consists only of iron atoms,
sulfur - only of sulfur atoms, and iron sulfide is a complex substance, which
consists of iron atoms and sulfur atoms.
Crystals of iron and sulfur dissociate
into atoms, which combine into crystals
of iron sulfide - a substance of non-

molecular structure.

21



A mixture of sulfur and iron differs from iron sulfide in the following features:

1) in the mixture sulfur and iron retain their properties, in iron sulfide their
properties are not retained,;

2) sulfur and iron can be separated from the mixture by physical methods, it is
impossible to separate sulfur and iron from a complex substance by these methods.

Any mixture differs from a complex substance in that the properties of each

substance in the mixture are retained.

- 1. Substances consisting of atoms of different types are called

simple substances.
2. Substances can be classified as elementary and complex.
3. Elementary substances are hydrogen, oxygen, graphite, sulfur, iron, copper,
magnesium.
4. Iron sulfide is a substance of molecular structure.
5. We can separate sulfur and iron from a complex substance by physical

methods.

complex  sulfide  homogeneous

elementary  dissociate

1. Substances consisting of atoms of the same type are called
substances.

2. Water, carbon dioxide, copper oxide are substances.

3. As a result of a chemical reaction between iron and sulfur takes place, we
geta black powder.

4. When iron and sulfur combine they form iron

22



5. Crystals of iron and sulfur Into atoms

TASK 3. Match the words in the two columns.

1. make a) tube

2. prepare b) their properties
3. test c) by a magnet

4. release d) into atoms

5. attracted e) an experiment
6. retain f) of heat

7. dissociate g) a mixture

to consist of  to be accompanied by  to be composed of

to attract  to retain

1. Oxygen and hydrogen molecules formed by atoms of the same
kind.
2. When a chemical reaction between iron and sulfur takes place, it

the release of heat.

3. Substances which atoms of different types are called complex
substances.

4. In the mixture any substance their properties.

5. A magnet can metals.

23



VYci pedoBUHM JUISATBCSA HA MPOCTi 1 ckianHl. [Ipocti pedoBuHU
CKJIQZIAIOThCS 3 aTOMIB OJTHOTO €JIEMEHTAa (ATOMIB OJTHOTO BHITY).

CxiasHi peYyoOBMHHU (XIMIYHI CIOJYKH) CKJIQJalOThCs 3 aTOMIB KIUIBKOX
CJIEMEHTIB.

XimiuyHuil enemMeHT OKCUTEeH yTBOPIOE MPOCTI PEYOBHMHU, IO BIAPI3HAIOTHCS
ckiagoM MoJiekys: kuceHb Oz 1 030H Osz. Kucenp — ra3 6e3 3amaxy, BiH €
HEOOX1THUM KUBUM OpraHizmMam i quxands. O30H Mae OTpYWHHN 3amax.

Ximiynuii enemeHT Dochop YTBOPIOE MOJEKYISIPHY PEUOBHHY - OUIHIMA
dbochop P4 1 Hemonekysipay — uepBoHuit dochop P. Lli peuyoBuHU BiAPI3HAIOTHCS
He Jwmmie OyaoBowo, a W BiIacTUBOCTAMU. bimmit  ¢ochop Mae 3anax,
camo3aiiMaeTbcsa Ha TOBITpl. UepBonuit ochop 0e3 3amaxy, ropuTh JHIIE MPU
HarpiBaHHI.

Ximiunuii eneMeHT KapOoH yTBOpIOE HEMOJIEKYJSIPHI PEYOBMHHU anMa3s i
rpadit. BoHn no3navaroTbcs 0JJHaKOBOIO (popMyIioro - C, aje MaroTh pi3Hy OyA0BY
1 BIAPI3HAIOTHCS BIACTUBOCTIMU. AJIMa3 € MPO30poto, 6€30apBHOI0, TyKE TBEPIOIO

€4OBUHOI0. ['padiT - HENPO30PUHA, TEMHO-CIPpHIL, M'IKHH.
p p po3opui, puu,
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UNIT FIVE

Chemical elements j

B VOCABULARY
°|(3'|'““‘Anv . e
S f ~__ Translate the following words and write them down!
calcination (n) constituent (n) lack (n, v)
charcoal (n) to crush (v) luster (n)
to conduct (v) to flatten out (v) opaque (adj)
conductivity (n) residue (n)

Before you read answer the questions:
1. What is a chemical element?

/ 2. What groups of chemical elements do you know?

READ the text!

CHEMICAL ELEMENTS

The word “element”, which means a constituent
part, passed into chemistry from ancient thinkers.
The constituent parts of iron sulfide are iron and
sulfur. Iron and sulfur in iron sulfide are not
substances, but chemical elements.

A chemical element is a specific kind of atom.

Oxygen atoms make up one kind of atoms, one
chemical element which is called oxygen, mercury atoms are another kind of
atoms, the chemical element is mercury, etc. Now we know 118 kinds of atoms -

118 chemical elements. Many of them make up the entire universe down to

25



the most distant stars and nebulae.
Chemical elements form substances with
which various transformations, studied by
chemistry, occur.

It is necessary to distinguish between

the concepts: “chemical element” and
“elementary substance”. Charcoal was found in the solid residue after the sugar
calcination reaction. Thus we conclude that sugar contains carbon atoms. But it
would be wrong to say that sugar (a colorless water-soluble substance) contains
coal (an insoluble substance). Carbon atoms, in order to turn into coal, must free
themselves from bonds with atoms of other elements and connect with each other.
It happened during the decomposition of sugar by heating. The same thing happens
with food left on the fire unattended, the food burns.

Coal and carbon are not the same thing. Carbon is a specific kind of atom, i.e.
chemical element. The atoms of the element carbon can be part of complex
substances, or they can form elementary substances, one of which is coal.

In the case under consideration, a chemical element (carbon) and its
corresponding elementary substance (coal) are called differently. Most of
the elements bear the same names as the corresponding elementary substances.
Therefore, the words “oxygen”, “iron”, etc. can mean both a chemical element and
an elementary substance with the same name.

Chemical elements are classified into

two groups: metals and non-metals. Metal ﬁ“"
1.00794

atoms form elementary substances - ﬂ "

metals. Metals, as elementary substances, I !}!3

have anumber of common properties. —‘ 'k“"“k—
390983

Metals are opaque and have a characteristic
“metallic” luster, electrical conductivity and high thermal conductivity. They are

plastic - they are not crushed under the blow of a hammer (like fragile substances,
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such as glass), but flattened out. Metals include iron, copper, aluminum, mercury,

gold, silver, etc.

The second group of chemical elements is made
up of non-metals. They include carbon, oxygen,
hydrogen, sulfur. Non-metal atoms also form
elementary substances. Non-metals as elementary

substances do not have such a pronounced external

similarity as metals. Their common feature is the lack
of metallic properties: they, as arule, do not have

a metallic luster, and they do not conduct electricity and heat.

1. Usually a chemical element and its corresponding elementary substance
have the same name.

2. Chemical elements are classified into metals and non-metals.

3. Non-metals have a metallic luster, conduct electricity and heat.

4. Metals are plastic as they are not fragile but they can flatten out.

5. Non-metals do not have a pronounced external similarity as metals.

solid entire  metallic  corresponding  common

1. Many chemical elements make up the universe down to the most
distant stars and nebulae.

2. After the sugar calcination reaction charcoal can be found in the
residue.

3. Metals, as elementary substances, have a number of properties.
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4. The common feature of non-metals is the lack of properties.
5. Most of the elements bear the same names as the elementary

substances.

TASK 3. Match the words in the two columns.

1. external a) conductivity
2. an insoluble b) part

3. metallic C) reaction

4. electrical d) conductivity
5. constituent e) similarity

6. thermal f) luster

7. calcination g) substance

toconduct toheat tomakeup  todistinguish

to form

1. Oxygen atoms one kind of atoms, one chemical element which is
called oxygen.

2. It is necessary to between the “chemical element” and “elementary
substance”.

3. Metals electricity and heat.

4. Chemical elements substances which can be transformed in
various ways.

5. Sugar can turn into coal when we It.
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ATOMHU pI3HUX XIMIYHUX €JIEMEHTIB BIAPI3HAIOTHCS

-

Macolo, po3Mipamu, OyI0BOIO 1 BIIACTUBOCTSIMH.

KokeH XiMiYHMI €JE€MEHT Ma€ Ha3By 1 II03HAYAETHCA CHUMBOJOM a0o

XIMIYHUM 3HAKOM.

CuMBOJI XIMIYHOTO €JIE€MEHTa CKJIaJaeTbcs 3 OAHiel abo nBox Jjitep. Sk
IIPaBUJIO, BUKOPUCTOBYIOTHCS MEPILI JITEPU HOro JaTUHCHKOI HAa3BH.

Ha3Bu i cumBonm 118 XiMiyHUX €JIEMEHTIB HaBEJACHO y MEPIOUIHIN TaOIHIIi.
bineme 20 eneMeHTIiB OTpuUMaHi IMTYYHO 3a JOMOMOTOI0 CKIAQAHHUX (PI3WIHUX
METO/I1B.

ATOMH XIMIYHUX €JIEMEHTIB 3'€HYIOThCS OJIWH 3 OJHHUM Yy pI3HHX

KOMOIHAIISIX 1 YTBOPIOIOTH BEJIWYE3HY KUIBKICTh NPUPOAHUX 1 CHUHTETUYHUX

PEYOBUH.

Periodic Table of the Elements
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UNIT SIX

VOCABULARY
P SULARY 3 Translate the following words and write them down!
to calculate (v) fraction (n) guantitative (adj)
composition (n) to multiply (v) ratio (n)
to exhaust (v) qualitative (adj) relative (adj)

Before you read answer the questions:

-

READ the text!

(* 1. What does chemical formula show?

2. How do we calculate molecular mass of a substance?

CHEMICAL FORMULAS.
MOLECULAR MASS OF A SUBSTANCE

1 mole

Molar Mass
g/mol

—

The composition of elementary and complex
substances can be expressed by a chemical formula.
To write the chemical formula of an elementary
substance we need the chemical sign of the element
and a number (assigned to it at the bottom right),
indicating the number of its atoms in a molecule

called an index. Thus, oxygen and hydrogen

molecules consist of two atoms, so their composition is expressed by the formulas

O, and H,.

To write a formula of a complex substance you need to know what chemical

elements the substance consists of (qualitative composition), and the number of
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atoms of each element in its molecule (quantitative composition). We write

the signs of chemical elements and the indices at the bottom right. So, a water

molecule consisting of two hydrogen atoms and one oxygen atom is represented by

the formula H,O. Index 1 is not written.

A chemical formula

.- 20 6 8
record of the composition of a substance Ca C o)
: : H : Calcium + Carbon + 3 Oxygen
using chemical signs and (if necessary) g ik s o =
indices.

is a conditional

Atomic Weight

(Relative Atomic Mass)

What do we learn about a substance Just Molar mass (CaCO3)=M(Ca)+M(C)+3 x M(O)

by looking at its chemical formula?

40 + 12 + 3(16)=100 g/mol

We will immediately say whether this substance is elementary or complex,

what elements it is formed of, and we will determine the number of atoms of one

element per a certain number of atoms of another element. But this does not

exhaust the information about the substance given by its chemical formula.

The chemical formula of a substance is used to calculate its relative molecular

mass (M).

lodine

atomic
number

symbol ——

53

atomic weight

126.904 [

O__ acid-base properties
of higher-valence oxides

1~
@ [~ crystal structure

electron
configuration — ™~
[KI’]4d1 05325p5 \ physical state
Narne iodine at 20 °C (68 °F)
D Halogens — Solid

@ QOrthorhombic

O Strongly acidic

The relative molecular mass of a substance is a number that shows how many

times the mass of its molecule is more than 1/12 of the mass of a carbon atom.
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To calculate the relative molecular mass of a substance, you must add

the relative atomic masses, taking into account the number of atoms of each

element in the compound.
Thus,

M; (H,0)=1*2+ 16 =18.

The chemical formula can be used to calculate
the mass fractions of elements in a substance. The mass
fraction is denoted by the Greek letter @ — omega which
shows how much of the relative molecular mass of

a substance is the relative atomic mass of an element,

multiplied by the index at the sign of the element in
the formula.

Thus, the chemical formula expresses:

1) the qualitative composition of the substance - what chemical elements it
consists of;

2) the quantitative or atomic composition of its molecule, i.e. the number of
atoms of each element.

By the chemical formula, you can calculate:

1) the relative molecular mass of the substance;

2) mass fractions of elements in the substance;

3) the ratio of the masses of elements in a complex
substance.

The number in front of the formula, called

the coefficient, indicates the number of molecules of

the given substance.

1. To write a formula of a complex substance you need to know its

qualitative composition and quantitative composition.
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2. An index is a sign indicating the number of atoms in a molecule. It is
written at the bottom right.

3. The relative molecular mass of a substance is a number that shows how
many times the mass of its molecule is more than 1/12 of the mass of an atom.

4. The chemical formula can’t be used to calculate the mass fractions of
elements in a substance.

5. By the chemical formula you can calculate not only the relative molecular

mass of the substance but also mass fractions of elements in the substance.

complex  formula  indices  qualitative

elementary  quantitative =~ composition

1. A chemical formula shows if the substance is or ., what

elements it is formed of and the number of atoms of one element per a certain
number of atoms of another element.
2. Usually we write the signs of chemical elements and the at the

bottom right.

3. composition shows what chemical elements the substance consists
of and composition shows the number of atoms of each element in its
molecule.

4. A chemical formula is a conditional record of the of a substance

with the help of chemical signs indices.
5. A chemical expresses the composition of elementary and complex

substances.
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TASK 3. Match the words in the two columns.

1. mass a) formula

2. chemical b) mass

3. the ratio c) record

4. relative molecular d) substance

5. atomic e) fractions

6. complex f) composition
7. conditional g) of the masses

to exhaust  toconsist  toexpress toindicate  to calculate

1. The chemical formula of a substance is used to its relative
molecular mass.

2. Oxygen and hydrogen molecules of two atoms, so their
composition is expressed by the formulas O, and H,.

3. The information about the substance given by its chemical formula does not

by elementary or complex substance and the number of atoms.

4. A number at the bottom right the number of atoms in a molecule,
itis called an index.

5. The chemical formula the qualitative composition of the substance

and the quantitative or atomic composition of its molecule.
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Koxna ckimagHa abo0 MpocTa pedyoBHHA CKIIATAETHCS 3
€JIEMEHTAPHUX YaCTHHOK — aTOMIB 1 MOJIEKYJ, SIKI MalOTh OJHAKOBUN aTOMHHUI
CKJIaJl 1 CTPYKTYpHY OYI0BY.

XimiyHa hopMyIta — 11e 300pa’keHHS SKICHOTO 1 KIJTbKICHOTO CKJIaJy PeYOBHUHU
3a JIOMOMOTOI0 CHMBOJIIB XIMIYHHX €JIEMEHTIB, a TaKOX YHCJIOBHX, JITEPHUX Ta
IHIIIMX 3HAKIB.

XimiuHa (popMmyna Ja€ HACTYNHY iH(OpMAII0 MPO PEUOBUHY: SIKI €JIEMEHTHU

BXOJISITh JIO CKJIAJy PEUYOBUHH 1 SIKE CHIBBIIHOIICHHS! ATOMIB IIUX €JIEMEHTIB.

Atomic Humber —= | 1

=— Symbol

Hame —» Hydrogen
1.008 -— Atomic Weight
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UNIT SEVEN

VOCABULARY
oicT e

Translate the following words and write them down!

to attach (v) divalent (adj) valence (n)

to consider (v) to familiarize (v) variable (adj)
constant (adj) to link to (v)
to depict (v) monovalent (ad))
to derive (v) to represent (v)
7'\1 Before you read answer the questions:
@ \L 1. How are the atoms in the molecule joined?

2. Can a number of atoms in the molecule be unlimited?

READ the text!

VALENCE OF ATOMS OF ELEMENTS @\

Chemical formulas are derived on the basis of
data on the qualitative and quantitative composition of
substances. Empirically, for example, it has been
established that in any proportion of water there is 1
mass part of hydrogen per 8 mass parts of oxygen.

Since the smallest number of oxygen atoms in a water

molecule can be one atom, i.e. 16 [Ar H) = 16], then,
consequently, there are two atoms of hydrogen in it; [Ar H) = 1]. It means that there

IS one oxygen atom and two hydrogen atoms in a water molecule. This method of
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drawing up chemical formulas is used only in cases when the formula of a given
substance is derived for the first time.

There are a lot of substances and if it was necessary

H to memorize their formulas, then the study of chemistry

would be very difficult. It turns out that you can judge

H C H the composition of a substance and write its formula

knowing the laws governing the combination of atoms.

H To do this you need to familiarize yourself with
the property of atoms - valence.

Let us consider the composition of several substances: HCI, H,O, NH3, CHa.
From the above formulas it can be seen that the chlorine atom is connected to one
hydrogen atom. Atoms of other elements - oxygen, nitrogen, carbon - are connected
with a different number of hydrogen atoms - 2, 3, 4.

The behaviour of atoms of elements to attach a certain number of other
atoms is called valence. The valence unit is taken as the valence of the hydrogen
atom. A hydrogen atom does not attach more than one atom of other elements. It
can be seen from the chemical formulas of the compounds, for example:

HBr, H,S, PHs, SiH,

Let's represent these formulas like this:

H

|

H-Br,bH-S—H,H-P—H H-Si—H

| |
H H

The dashes represent the bonds between atoms.
Each dash represents one link. With this graphical way

of depicting molecules, you can immediately see which

atoms are connected to each other and which atoms are
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not. So, the formula of water shows that in its molecule both hydrogen atoms are
linked to an oxygen atom, but not linked to each other. From the above formulas it
can be seen that the atoms of some elements (chlorine,

ey o e = o bromine) attach one hydrogen atom to themselves -
X ( : X
O >0< >°< these elements are monovalent; atoms of other elements
L ]
[ ]

Ch (oxygen, sulfur) attach two hydrogen atoms each - these
elements are divalent, etc.

In a water molecule the sum of the valence units of two hydrogen atoms (2) is
equal to the valence of an oxygen atom (also 2). In CH; methane the valence of
a carbon atom (4) is equal to the sum of the valence units of four hydrogen atoms
(also 4). In the molecules of the considered compounds, consisting of two elements,
the total number of valence units of atoms of one element is equal to the total
number of valence units of atoms of the other element. The valence of the hydrogen
atom in all its compounds is 1, i.e. hydrogen is always monovalent; the valence of
the oxygen atom is always 2, i.e. oxygen is always bivalent. Graphic formulas of
simple substances of hydrogen and oxygen is: H- Hand O = O.

By the formula of a substance consisting of
two elements, it is possible to determine the valence
of one element if the valence of the other is known.
So, knowing that the valence of oxygen is always 2
it is easy to determine the valence of other elements

by the formulas of their compounds with oxygen,

for example, phosphorus by the formula P,Os. To
do this, we find the total number of oxygen valence units by multiplying its valence
(2) by the number of atoms in the molecule (5). We get 10. The same should be
the total number of valence units for two phosphorus atoms. Therefore, the valence
of phosphorus in phosphorus oxide is 10 : 2 = 5.

Some chemical elements show the same constant valence in all their

compounds, others - different, variable valence. So, sodium, potassium in chemical
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compounds are always monovalent; oxygen, zinc, magnesium, calcium are always
bivalent. The valence of these elements is constant. Atoms with variable valence
exhibit one or the other valence, depending on the elements and conditions their

combination is formed.

e/ FALSE.

1. The valence unit is taken as the valence of the hydrogen atom which does

not attach more than one atom of other elements.

2. Chlorine and bromine are monovalent elements but oxygen and sulfur are
divalent elements.

3. If the formula of a substance consists of two elements it is impossible to
determine the valence of one element if the valence of the other is known.

4. Some chemical elements show constant valence in all their compounds,
other chemical elements show variable valence.

5. The formula of water shows that in its molecule both hydrogen atoms are

linked not only to an oxygen atom but to each other as well.

bivalent  graphical composition

valence variable monovalent

1. The behaviour of atoms of elements to attach a certain number of other
atoms is called
2. With way of depicting molecules you can see which atoms are

connected to each other and which atoms are not.
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3. Atoms with valence exhibit one or the other valence, depending on
the elements and conditions their combination is formed.
4. The valence of the hydrogen atom in all its compounds is 1, i.e. hydrogen is

always ; the valence of the oxygen atom is always 2, i.e. oxygen is always

5. You can judge the of a substance and write its formula knowing

the laws governing the combination of atoms.

1. the combination a) of a substance

2. the composition b) number

3. acertain ¢) formula

4. the bonds d) chemical element
5. a graphic e) valence

6. variable f) between atoms

7. a divalent g) of atoms

to represent  to multiply  to attach

to derive to determine

1. Monovalent elements one atom to themselves and divalent
elements two atoms each.

2. If we know that the valence of oxygen is always 2 it is easy to
the valence of other elements by the formulas of their compounds with oxygen.

3. When we want to find the total number of oxygen valence units we should

its valence to the number of atoms in the molecule.
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4. When we need to a new chemical formula we should pay attention
to the qualitative and quantitative composition of substances.
5. In a structural chemical formula the dashes the bonds between

atoms.

ATOMHM XIMIYHHUX €JIEMEHTIB 3B’ A3yIOThCS MK CO0010, YTBOPIOIOYH MPOCTI 2060
CKJIaJHI PpPEYOBWMHU. SIKMM YHHOM aTOMU 3B’SI3yIOTCA MDK coboro? Ile
B1I0yBa€ThCS TOMY, III0O aTOMH MalOTh TaKy BJIACTUBICTh, SK BaJCHTHICTH (BiA
JATHHCHKOTO cjIoBa «valentia», 1o o3Hauae «cuna»).

BanenTHicTh — 11e 3MaTHICTh aTOMa CIOJIY4YaTHUCS 3 MEBHUM YHUCJIOM aTOMIB
TOT'O caMoro ado IHIIMX XIMIYHHUX €JIEMEHTIB.

BanentHicth y (dopmynax MoOXHA TO3HAYUTH PUMCHKUMU HHUPpaMH, SIKi
3aMUCYIOTh HAaJl CUMBOJIAMH XIMIYHUX €JIEMEHTIB. BaJIeHTHICTh Ma€ KUIbKICHY
XapaKTePUCTHUKY. 32 OAUHUIIIO IPUHUHATO BAJICHTHICTh aTOMa BOJAHIO. ATOM BOJIHIO
HE TMpUEIHYyE OLIbIIE OJHOTO aTroMa IHIMX eleMeHTiB. OTxe, BOJCHb
OJIHOBAJICHTHUH.

Crij mam’siTaTy Taki MpaBuia:

1. BasieHTHICTh aTOMIB BOJIHIO Y CIIOyKax JopiBHIoe oauHu (1), kucHro — 11,
¢bnopy — L.

2. BaneHuTHiCTh — 4HCIIO LJIE — BiJ OJHOrO O BOCHMH. binblie BochbMH a00
JIpoOOBOIO BAJICHTHICTh HE OYBae.

3. VYV OiHapHux cromykax (CKJIamaeThbCs 3 JBOX BHUIIB aTOMIB) CyMapHa
BAJICHTHICTh YCIX aTOMIB OJHOTO €JIEMEHTa JIOPIBHIOE CyMapHiil BaJ€HTHOCTI BCiX
aTOMIB 1HIIIOTO €JIEMEHTA.

4.V Ha3Bax peuOBUH, YTBOPEHUX €JIEMEHTOM 31 3MIHHOIO BaJICHTHICTIO, MiCIIs
Ha3BU I[LOTO €JIEMEHTAa y Iy)KKax MUIIYTh PUMCHKY IHU]py, SKa MMO3HAYa€E HOTO

BaneHTHicTh. Hampuknan: FeO — dpepym (I1) oxcun; Fe,Os— depym (I11) oxcun.
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5. V¥V dopmynax OiHapHMX CIOIYK Ha TEPIIOMY MICI[l CTaBISATh CHUMBOJIU
€JIEMEHTIB, SIKi Y MEePIONYHIN CUCTEM] PO3MIILIEH! JiiBilIe a00 HUXKYE, HA IPYTOMY

— SIK1 pO3MIILIEHI B MEPIOANYHIN crcTeMi Mpasilie ado BUIIIE.

Capacity of an atom to give, accept or
share electrons to achieve the octet state.
Na cl c

(loses 1e-) (gains 1e-) (shares 4e-)

Valency 1 Valency 1 Valency 4
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UNIT EIGHT

Atomic-molecular theory

VOCABULARY

Translate the following words and write them down!

aid (n) to involve (v) to originate (v)
to destroy (v) to join (v) phenomenon (n)
essence (n) to mix (v) to preserve (v)
evaporation (n) to move (v) provision (n)
infinity (n) to occur (v) to separate (V)

Before you read answer the questions:

1. What is the smallest item known in chemistry?

2. What do you know about M.V. Lomonosov?

READ the text!

ATOMIC-MOLECULAR THEORY IN CHEMISTRY

Molecular theory explains the physical phenomena
that occur with substances. The study of atoms comes to
the aid of molecular theory in explaining chemical
phenomena. Both of these theories - molecular and
atomic - are combined into atomic-molecular theory.

The essence of this teaching can be formulated in

the form of several provisions.

1. Substance is divisible not to infinity, but only to its molecules.
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2. In physical phenomena molecules are preserved, in chemical ones they are
destroyed.

3. Molecules of substances are composed of atoms; in chemical reactions
atoms, unlike molecules, are preserved.

4. The atoms of one element are similar to each other, but different from
the atoms of any other element.

5. Chemical reactions involve the formation of new substances from the same

atoms the original substances consisted of.

A EEe==m o= The theory of atoms originated in the works of
a1\ /]| -

-
= ancient Greek philosophers long before the beginning of

our era. Rejecting belief in gods and miracles, they tried

. to explain all the mysterious phenomena of nature by

natural causes - joining and separating, moving and
mixing invisible particles - eternally existing atoms. The theory of atoms, as
godless, was persecuted by the ministers of the church for many centuries. Its
followers were persecuted; their books were burned. But the philosophers of
antiquity called atoms the things we now call molecules. Therefore, they were able
to explain only physical phenomena: wind and storms, the spread of odors,
the evaporation of water.

The basic principles of atomic-molecular theory were developed only in
the middle of the 18" century by M.V. Lomonosov. He declared the study of
the structure of substances to be the main task of chemistry. The atomic-molecular

theory received universal recognition Dalton’s Atomic Theory

after the work of the English chemist

D. Dalton. Chemistry really became ‘ + Q@@ — &

a science only since chemical reactions
16 mass units +* 2 mass units = 18 mass units

began to be interpreted from the point

of view of atomic-molecular theory.
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1. Molecular theory explains the chemical phenomena that occur
with substances.

2. The atoms of one element are similar to each other and the atoms of any
other element.

3. The principles of atomic-molecular theory were developed by
M.V. Lomonosov but became known in the world after the work of the English
chemist D. Dalton.

4. D. Dalton wanted the study of the structure of substances to be the main
task of chemistry.

5. For many centuries the ministers of the church persecuted the theory of

atoms as they believed it was godless.

formation  science  theory  atoms  aid

1. The study of atoms comes to the of molecular theory in explaining
chemical phenomena.

2. Chemical reactions involve the of new substances from the same
atoms the original substances consisted of.

3. Chemistry really became a only since chemical reactions began to
be interpreted from the point of view of atomic-molecular theory.

4. The of atoms originated in the works of ancient Greek
philosophers long before the beginning of our era.

5. The philosophers of antiquity called the things we now call

molecules.
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TASK 3. Match the words in the two columns.

1. natural a) particle

2. invisible b) reaction

3. the evaporation C) cause

4. chemical d) recognition
5. universal e) theory

6. physical f) of water

7. atomic-molecular g) phenomena

r’l
'\ ) ..
ixs to destroy  toformulate  toinvolve  to originate
to occur
1. Chemical reactions the formation of new substances from

the same atoms the original substances consisted of.
2. Molecular theory explains the physical phenomena that with
substances.

3. In physical phenomena molecules are preserved, in chemical ones they are

4. The theory of atoms in the works of ancient Greek philosophers
long before the beginning of our era.
5. The essence of atomic-molecular theory can be in the form of

several provisions.
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ATOMHO-MOJIEKYJIsIpHA Teopis Oyia ctBopeHa B 1741 poril BuaaTHUM
pociiicbkum BueHuM M.B. JlomoHocoBuM. BiH Brepiie 4iTko po3AiivB [Bi CTYMEHI
B OyJ0Bl PEUYOBHMHHU: €JIEMEHTH (B HAIIOMYy PO3YMIHHI aTOMH) 1 KOPITYCKYJIH
(monekysu). OCHOBHI MOJIOKEHHS JaHOTO BUEHHS BiH BUKIIAaB y KHU31 «EjxemeHnTn
MaTeMaTUYHOT XiMii.

OCHOBHI MTOJIOKEHHSI aTOMHO-MOJIEKYJIIPHOTO BUCHHSI:

1. Pe4oBUHU CKITAJAIOTHCA 3 YaCTOK (CTPYKTYPHUX €JIEMEHTIB PEUOBUH) —
MOJIEKYJI, aTOMIB a00 10HiB.

2. Yactku pe4yoBUH (MOJIEKYJH, aTOMH abo iHII) Oe3mepepBHO Oe3nagHo
PYXaroThCsl.

3. Mix CKJIaJOBUMH YaCTKaMH PEUYOBHUHH € BiJCTaHI.

4. Monekyau CKIanaloThess 3 aTroMiB. MoJiekynau 30epiraroTbes Mij 4ac
(I3UYHMX SBUIL 1 PYWHYIOTBCS i/l Yac XIMIYHUX ABHIL (ITPU XIMIYHUX PEAKIIAX ).

5. [lix yac XIMIYHUX peakKIii aToMU 30epiraloThCsa — MPU [ILOMY Bi110YBA€THCS
iX meperpyIyBaHHs, IO MPUBOIUTH 10 YTBOPECHHS HOBUX PEUOBHH.

6. Monekynu nIpoCTUX PEUOBUH CKJIAJAIOTHCA 3 OJHAKOBUX aTOMIB, CKJIaJIHHUX
— 3 pI3HUX aTOMIB.

JIx. JlanbTOH pO3BUHYB aToMmicTUYHE BUeHHS JloMOHOCOBa, BiH Hamaramcs
BCTAaHOBHUTH aTOMHI MacHW BIJOMHUX Ha ToW dYac enemeHTiB. [Ipore JlampToH

3arnepevyyBaB ICHYBaHHS MOJIEKYJ Y IPOCTUX PEYOBUHAX.
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UNIT NINE

)

- VOCABULARY

DICTIONARY e ) )
4 :.’ - Translate the following words and write them down!
brazier (n) to increase (V) scale (n)
brittle (adj) to obtain (v) sealed (adj)
to consume (v) reacting substance (n) to subtract (v)
to contradict (v) resulted substance (n) vessel (n)
to decrease (V) retort (n)

Before you read answer the questions:
, = 1. What basic laws of chemistry do you know?

2. Can substances arise from nothing or turn into nothing?
READ the text!

THE L AW OF CONSERVATION OF
THE MASS OF SUBSTANCES

The products of any chemical reaction are
composed of the same atoms from which
the basic substance consisted. Atoms are
preserved during chemical reactions; it means
that the mass of all atoms taken together must
also be preserved. In this case, the products of

any chemical reaction must have the same mass as the total mass of the basic

substance.
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It would seem that experience
sometimes contradicts this. Thus, when
calcined in air, metals turn into brittle

scales, the mass of which is always

Before the Reaction After ﬂ}ﬁ)Reacﬁon greater than the mass of metals before
(@

Law of Conservation of Mass Example
the air be attached to the metal? How can we be sure of it? A simple solution was

the experiment. May some particles from

found by M.V. Lomonosov. Instead of calcining metals in the open air, he calcined
them in sealed retorts (vessels). The metal turned into scale, which means that
the mass should increase. But the mass of the vessel after the experiment was
the same as before the vessel was placed on the brazier. It means that the mass of
the air contained in the vessel has decreased by as much as the mass of the metal
has increased.

The mass of substances that have entered into a chemical reaction is always
equal to the mass of the resulted substances.

This one of the basic laws of chemistry is called the law of conservation of
mass. The law of conservation of mass was first formulated by M.V. Lomonosov.

From the law of conservation of mass, it follows that substances cannot arise
from nothing or turn into nothing. Therefore, if it seems to us that during
a chemical reaction a substance seems to be obtained from nothing or disappears
without a trace, then this means that we have not taken into account all
the substances participating in the reaction
and resulted substances. For example, when
wood burns, it seems to us that
the substances that form it disappear

without a trace. However, a more detailed

study of the reaction shows that this is not
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the case: the mass of substances consumed during the combustion of wood
(the wood itself and oxygen of the air) is equal to the mass of water, carbon dioxide

and ash obtained during combustion.

A simple experiment
to demonstrate the
LAW of CONSERVATION OF MASS

Using the law of

string
small
test

tube

sodium

st CONServation of mass, you

solution

probucTs  can calculate the mass of

copper
hydroxide

meepite  €1ther one of the reacting

substances or one of
.
the resulted substances if

the masses of all the others are known. So, if you need to find out the mass of

sodium
hydroxide
solution

REACTANTS X

copper é =

sulfate e
solution THOROUGHLY

67.259

oxygen obtained during the decomposition of a certain portion of mercury oxide,
then there is no need to collect oxygen and weigh it. It is enough to determine
the mass of mercury oxide taken for the reaction and the mass of mercury obtained
as a result of the reaction. According to the law of conservation of mass the sum of
the masses of mercury and oxygen is equal to the mass of decomposed mercury
oxide. Therefore, subtracting from the mass of mercury oxide the mass of

the obtained mercury we find out the mass of the obtained oxygen.

1. The products of any chemical reaction must have the same mass
as the total mass of the basic substance.

2. M.V. Lomonosov found the solution to calcine metals in sealed retort
vessels.

3. The mass of substances that have entered into a chemical reaction is
different to the mass of the resulted substances.
4. One of the basic laws of chemistry called the law of conservation of mass

was formulated by M.V. Lomonosov.
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5. Using the law of conservation of mass it is possible to calculate the mass of
the reacting substances or the resulted substances even if the masses of all

the others are unknown.

P\

e W brazier  nothing  preserved  resulted brittle

1. Atoms are during chemical reactions; it means that the mass of all
atoms taken together must also be

2. When metals are calcined in air, they turn into scales, the mass of
which is always greater than the mass of metals before the experiment.

3. The mass of the vessel after the experiment was the same as before
the vessel was placed on the

4. From the law of conservation of mass it follows that substances cannot arise
from or turn into

5. All the substances participating in the reaction and substances

should be taken into account.

TASK 3. Match the words in the two columns.

1. a detailed a) substance
2. a basic b) study

3. brittle C) retort

4. a resulted d) law

5. asealed e) air

6. the open f) scale

7. a chemical g) reaction
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to subtract to decrease to obtain to consume

to contradict to increase

1. The mass of the air contained in the vessel has by as much as
the mass of the metal has

2. The mass of substances we during the combustion of wood is
equal to the mass of water, carbon dioxide and ash obtained during combustion.

3. If we need to find out the mass of oxygen we during
the decomposition of a certain portion of mercury oxide, we should determine
the mass of mercury oxide taken for the reaction and the mass of mercury we

as a result of the reaction.

4. Sometimes our live experience obvious facts.

5. The sum of the masses of mercury and oxygen is equal to the mass of
decomposed mercury oxide so we need to the mass of the of the obtained

mercury to find out the mass of the obtained oxygen.

vew

NEPETBOPIOIOTHCA B 1HINI. A YW BIIOYBAalOThCA SIKICh 3MIHM 3 MAacOI PEYOBUH B

Ilim wac XIMIYHMX peakiii OJHI  PEYOBHUHHU

pe3yabpTari peakiii? 3 I1bOr0 NPUBOAY BUYCHI BHUCIOBIIOBAIM PIi3HI JyMKH.
Bunatuuii anrmiiicekuii XimMik P. Boiinb, nposkapioroun y BIAKpUTIH PeTOPTI Pi3Hi
MeTaJld 1 3BaXYOUM iX J0 1 TICIs HarpiBaHHs, BHUSBMB, IO Maca MeETaliB
30UIBINYEThCA. [PYHTYIOYMCh HA IMX JOCHTIAaX, BiH JIHIIOB HENPaBUILHOIO
BHUCHOBKY, IT1I0 Maca PEYOBUHH B PE3yJIbTATI XIMIYHUX PEAKIIiil 3MIHIOETHCS.

M.B. JlomoHocoB, Ha BiiMiny Bia P. bBoiinis, mposkaproBaB MeTaiu B 3amassHUX

peTopTax 1 3BaKyBaB iX O 1 MICIs MpoKaproBaHHs. BiH M0BIB, 1110 Maca peYOBUH
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a0 1 michns peakuii 3amumiaerbes 6e3 3miH. Y 1748 poui M.B. Jlomonocos
chopMyITIOBaB HAaBAXKITMBINIUHN 3aKOH XiMii — 3aKOH 30€peKEHHS MaCH.

Takuii e pe3ydbTaT 3HAYHO MI3HINIE, HE 3HAIOYM IMPO JOCIHIJKEHHS
M.B. JlomoHocoBa, onepxaB (panmy3pkuii yueHudt A.Jl. JlaByaspe, skwmii
chopMyITIoBaB 3aKOH 30epexeHHss Macu 'y 1789 p.

3aKoH 30€epe’KeHHS Macu PEYOBHH MOYHA MOSICHUTH TaK:

1. ITig wac XIMIYHUX peakiii aToOMH HE BUHHKAIOTH 3 HIYOTO 1 HE 3HUKAIOTh, a
aunie neperpynoBytoTbea. CyTh XIMIYHOT peakiii MoJisirae y TMeperpynyBaHHI
aTOMIB.

2. 3aranpHa KUTBKICTh aTOMIB HE 3MIHIOETHCS.

3. 3arajgpHa Maca aTOMIB 3QJIMIIIAETHCS CTAJIOK0 JO 1 MIC/IA peaKiii.

Carbon Magnesium
A =12 A =24

No. of atoms = No. of atoms =
6 x10% 3x10%4

© Footprints-Science
One mole of a substance containg the came nhumber of

particles as atoms in 1Z grams of carbon-12

53



UNIT TEN

Chemical reactions

VOCABULARY

Translate the following words and write them down!

P =

to cease (V) to convert (v) equation (n)
coating (n) decomposition reaction (n) | stopper (n)
combination reaction (n) substitution reaction (n)

,22, Beforeyou read answer the questions:

& 1. Are all chemical reactions similar or different?
2. What makes chemical reactions different?

READ the text!

TYPES OF CHEMICAL REACTIONS

CHEMICAL Chemical reactions can be

subdivided into several basic types
REACTIONS
oD

according to such characteristics as
the number and composition of

the basic and resulted substances.

Decomposition reactions. Put
the malachite powder (a green substance) in a test tube, close it with a stopper with
a curved tube inserted, lower the end of the tube into a glass filled with lime water,
and heat the malachite. When heated, the green powder turns to black. This is
the familiar copper oxide CuO. Drops of water settle on the walls of the test tube

and the solution in the glass becomes cloudy: it is a sign of the appearance of
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carbon dioxide. What happened to malachite? Three new substances were formed
from it - copper oxide, water and carbon dioxide:

malachite — copper oxide + water + carbon dioxide

Cu,CH,0s5 = 2Cu0 + H,0 + CO;
Let's recall the reaction:

water — hydrogen + oxygen

2H,O0=2H, + O,

Types of Chemical Reactions The common thing in
el d e these reactions is that
Reactantfly + Reactant\§y Product Ay
Decomposition Reaction several  elementary or
Reactant Ay ———  Product @y + Product§y
Displacement Reaction complex substances are

Reactant @y + Reactantw —_— Product Ay + Producte .
B obtained from one complex

Reactant (Aig) + Reactant@(F) — Product @) + Product G substance

© SeifMution com

Chemical reactions in which several other substances are obtained from
one complex substance are called decomposition reactions.

Combination reactions. If only decomposition reactions occurred in nature,
then all complex substances that can decompose would decompose and chemical
phenomena would cease. But there are other types of reactions.

When copper is heated in air, it becomes covered with a black coating. Copper
is converted to copper oxide (I1):

copper + oxygen — copper oxide (1)
2Cu + 02 =2Cu0O
Let us now recall the reaction for obtaining iron sulfide (I1):
iron + sulfur — iron sulfide (1)
Fe +S =FeS
In both cases, one new substance is obtained from several (in this case from

two) substances.
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Reactions in which one complex substance is obtained from several
simple or complex substances are called combination reactions. Combination

reactions are thus opposite to decomposition reactions.

4 Main Types of Chemical Reactions Substitution reactions. Let's put
e+ LN an iron nail into a blue solution of copper

e

SYNTHESIS

'+e chloride (Il) - its chemical formula is

e ity e CuCl,. The nail will immediately start
”+ —»”-+

o e covering with copper released on its
'@*%a—’mwm;”+w surface, and the solution by the end of

the reaction turns from blue to greenish: it now contains iron chloride (Il) instead of
copper chloride (II). The chemical formula of iron chloride (I1) is FeCl,.
The reaction is expressed by the equation:
iron + copper chloride (II) — copper + iron chloride (1)
Fe + CuCl, = Cu + FeCl,

If instead of iron pieces of zinc Zn are thrown into a solution of copper
chloride (II), copper will be released in the same way. The solution becomes
colorless since the second product of the reaction is zinc chloride ZnCl,, and
the solution of this substance is colorless. The reaction is expressed by
the equation:

zinc + copper chloride (I1) — copper + zinc chloride (1)
Zn + CuCl; = Cu + ZnCl;

The copper atoms in copper chloride (11) were replaced in the first case by iron
atoms, and in the second - by zinc atoms. Thus, atoms can not only combine with
each other, but also replace each other in complex substances.

Chemical reactions between elementary and complex substances in which
the atoms that make up the elementary substance replace the atoms of one of
the elements of the complex substance are called substitution reactions.
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1. Chemical reactions are subdivided into several basic types
according to the composition of the resulted substances.

2. A decomposition reaction is a chemical reaction when several substances
are obtained from one complex substance.

3. Combination reactions are chemical reactions when one complex substance
Is obtained from several simple or complex substances.

4. Combination reactions and decomposition reactions are similar.

5. In complex substances atoms can not only combine with each other but also

replace each other.

decomposition  appearance  combination  substitution

solution  opposite  complex

1. A sign of the of carbon dioxide is drops of water on the walls of
the test tube and appearing of the cloudy

2. Decomposition reactions are characterized by the obtaining of several
elementary or complex substances from one substance.

3. Combination reactions are to decomposition reactions.

4, reactions provide several elementary or complex substances from
one complex substance and reactions provide one complex substance from
several simple or complex substances.

5. Chemical reactions between elementary and complex substances when
the atoms of elementary substance replace the atoms of one of the elements of

the complex substance are called reactions.

57



TASK 3. Match the words in the two columns.

1. water — hydrogen + oxygen a) an elementary substance
2H,0 = 2H, + O,
2. copper + oxygen — copper oxide | b) a complex substance
2Cu + 02 =2Cu0

3. iron + copper chloride— copper + | C) a mixture
iron chloride Fe + CuCl, = Cu + FeCl,

4. copper chloride d) a combination reaction
CuCl;
5.Zn + CuCl; = Cu + ZnCl, e) a decomposition reaction
6. sulfur f) a substitution reaction

S
7. milk g) an equation

to decompose to convert to settle to cease

to subdivide to obtain

1. Chemical reactions can be into several basic types according to
the number and composition of the basic and resulted substances.

2. Drops of water on the walls of the test tube and the solution in
the glass becomes cloudy.

3. In decomposition reactions several elementary or complex substances are

from one complex substance.
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4. If decomposition reactions occurred in nature all complex substances would
and chemical phenomena would
5. When copper is heated in air, it becomes covered with a black coating and

to copper oxide.

XIMIYHA pfaKkmia — [ [ABUIIC, I dYac SAKOIo

PYHHYIOTBCSI CHOJYKH 1 CTPYKTYpPH PEareHTiB W YTBOPIOIOTHCS HOBI CIIOIYKH
MPOJIYKTIB pEaKIii.

VY CBITI, MO HAcC OTOYY€E, IOCTIMHO BIAOYBA€ETHCS BEIUYE3HA KUIBKICTh
XIMIYHUX peaKkIiil. Y KOXKHIN 3 HUX OepyTh y4acTb HalPi3HOMAHITHILII PEYOBHHH 3
PI3HMMU BJIACTUBOCTAMHU. AJie, HE3BaXKAIOUM Ha 1€, BC1 peaklli MOXKHa 3rpyIlyBaTu
y KUJIbKa OCHOBHMX THIIIB 32 HHM3KOIO O3HAaK. 3a OCHOBY Kiacu]ikaiii XiMIYHHX
peakiiil HailyacTimie 0epyTh 3MIHU B KUIBKOCTI BUX1IHMX PEYOBHH Ta PEUYOBUH, L0
YTBOPUITUCS BHACIIJIOK PEAKIITIi.

Peakuii po3kiaaay — ue peakii, B pe3yJbTaTi SKUX 3 OJIHIEI PEUOBUHU
YTBOPIOETHCS KIJIbKa HOBUX PEUOBHH.

Peakuii cnostyyeHHs1 — 1€ peakilii, B pe3yJbTaTi AKUX 3 JIBOX a00 KUIHKOX
BUXIJHUX PEYOBHH YTBOPIOETHCS OJTHA HOBA PEUOBUHA.

Peakuii 3amileHHst — 1€ peakilii Mi>K MPOCTOIO 1 CKJIAIHOI0 PEYOBHUHAMMU, Y
MPOIIEC] SAKUX aTOMHU IMPOCTOI PEUOBUHM 3aMIIlyIOTh aTOMU OJHOTO 3 €JIEMEHTIB

CKJIQJIHO1 pEYOBUHH, YTBOPIOIOUM HOBY MPOCTY 1 HOBY CKJIQAHY PEYOBHHH.
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UNIT ELEVEN

VOCABULARY

Translate the following words and write them down!

abundant (adj) flame (n) respiration (n)

blinding (adj) handle (n) smoldering (adj)
bottom (n) to immerse (v) splinter (n)
burner (n) Inanimate nature (n) surface (n)

crust (n) jar (n) transparent (adj)
ember (n) to make up (v) wire (n)

Before you read answer the questions:
= 1. What properties of oxygen can you name?
® | . i
== 2. What substances does oxygen combine with?

READ the text!
OXYGEN

Oxygen is the most abundant element on Earth; with its participation as
an elementary substance, respiration and many important processes in inanimate
nature and in technology occur.

The chemical sign of the element oxygen is O; the relative atomic mass is 16.
The valence of oxygen in the compounds is two. The oxygen molecule consists of

two atoms; its formula is O,. The relative molecular mass of oxygen is 32.
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Oxygen is the most
abundant chemical element on
O Xyg e n the surface of the globe. In free
form it is contained in the air.

But most of all oxygen as

Light Regular Bold

water and in complex substances that make up rocks and minerals. Oxygen

a chemical element is found in

accounts for almost half of the mass of the earth's crust, hydrosphere and
atmosphere. Oxygen is included in the chemical compounds that make up
the organisms of plants, animals and humans.

OXYGEN PROPERTIES

Oxygen is a colorless gas, tasteless and odorless. It is slightly heavier than air,

slightly soluble in water. At a pressure of 101.3 kPa and a temperature of 183°C
oxygen turns into liquid. Liquid oxygen is a blue mobile liquid.

Let’s examine the chemical properties of oxygen, manifested in chemical
reactions. We recognize oxygen by its ability to support the combustion of
flammable substances: a smoldering splinter in it ignites. Let's get acquainted with
several reactions of combining oxygen with elementary substances:

1. Pour some red phosphorus into an iron spoon. Red phosphorus is
an elementary red substance, insoluble in water. Put a spoonful of phosphorus in
oxygen. No reaction will happen. Let us now set fire to
oxygen and again lower the spoon with burning
phosphorus into oxygen. Phosphorus continues to burn

in oxygen with a bright blinding flame. At the same

time, the vessel is filled with thick white smoke so that

a spoonful of burning phosphorus becomes invisible

behind its veil. After some time, particles of white
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smoke settle on the walls of the vessel in the form of a white powder. Let's add
water to the vessel. At first we will get a cloudy liquid, but after a while the powder
will dissolve and the liquid will become transparent again.

The red water-insoluble
substance has turned into a white
soluble substance with the release of
heat and light, which means that
a chemical reaction has occurred.

How did oxygen take part in it? This

is probably the reaction of the combination of phosphorus with oxygen. In this case
oxygen should be consumed along with phosphorus.

To check this, let us burn phosphorus again in oxygen, but not in an open
vessel, in a bell (vessel without a bottom) immersed in water. The wire handle of
the phosphorus spoon is passed through the stopper. Having brought burning
phosphorus into oxygen, we tightly close the neck of the bell with this stopper. As
phosphorus burns, water rises higher and higher in the bell, which means that
oxygen remains less and less - it is consumed.

Thus, in the above reaction, oxygen combines with phosphorus and a new
substance is formed. This substance is called phosphorus oxide (V), its formula is
P20s.

2. Put the coal on an iron spoon into the flame of the burner and when the coal
IS hot take it out of the flame and hold it in the air. The coal smolders for a while
and then goes out. Coal burns poorly in
the air. Let's heat the ember again and
bring it into the oxygen bank. Coal in
oxygen does not go out, as in air, but
becomes white-hot and burns without

flame or smoke, gradually decreasing in

size. BUT the coal went out. Let's bring
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a burning splinter into the jar. It goes out. Let's add lime water to the jar. It grows
cloudy. These are familiar signs of the presence of carbon dioxide CO,, or carbon
monoxide (V).

A chemical reaction took place: oxygen combined with carbon. Reaction
equation is: C + O, = CO;

Like coal, sulfur, phosphorus and iron, most other non-metals and metals
combine with oxygen. However, these reactions are not always accompanied with
combustion. So, when heated in oxygen (as well as heating in air), copper combines
with oxygen, turning into black powder - copper oxide CuO without combustion.
The equation for the reaction of the compound of copper with oxygen is:

2Cu + 02 =2Cu0O

Free oxygen is one of the most active elementary substances.

1. Oxygen is the most abundant element on Earth because it is

Important for respiration and many important processes in inanimate nature.

2. The chemical sign of the element oxygen is O; the relative atomic mass and
relative molecular mass of oxygen are 16.

3. Oxygen turns from gas into liquid (deliquesces) at a pressure of 101.3 kPa
and a temperature of 183°C and becomes a colourless mobile liquid.

4. Oxygen is a colorless gas, tasteless and odorless, which is slightly heavier
than air and slightly soluble in water.

5. Most non-metals and metals combine with oxygen and these reactions are

always accompanied with combustion.
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combustion  smoke  blinding  active  soluble

1. Phosphorus continues to burn in oxygen with a bright flame.

2. The red water-insoluble substance has turned into a white
substance with the release of heat and light.

3. Coal in oxygen does not go out, as in air, but becomes white-hot and burns
without flame or , gradually decreasing in size.

4. When heated in oxygen copper combines with oxygen, turning into black
powder without

5. Free oxygen is one of the most elementary substances.

1. a transparent a) molecular mass
2. a mobile b) in water

3. an abundant C) nature

4. the relative d) gas

5. soluble e) element

6. inanimate f) liquid

7. a colorless g) substance
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»??5  TASK 4. Choose the appropriate verb.
tosupport tomakeup  toaccount

to manifested to include

1. Most of all oxygen as a chemical element is found in water and in complex
substances that rocks and minerals.

2. Oxygen is in the chemical compounds that make up the organisms
of plants, animals and humans.

3. Oxygen for almost half of the mass of the earth's crust,
hydrosphere and atmosphere.

4. The chemical properties of oxygen are in chemical reactions.

5. Oxygen is able to the combustion of flammable substances.

OxcureH - HeMeTaJdlyHWI eraemeHT. BiH Moxe yTBOproBaTH ABI

pocTi peuoBUHH - KuceHb Oz 1 030H Osz. BanenTtHicth OKCUTEHY € MOCTIHHOIO 1
nopiBHtoe 1.

3a 3BMYAHMX YMOB KHCEHb - 0e30apBHMII ra3 06e3 cmaky 1 3amaxy. [loraHo
po3unHsieThest y BoAl (B 1 1 mokHa po3umauTH jumie 0,04r kucHIO), aje boro
JOCTaTHBO JUIsl ICHYBaHHS y BOJIOMMax puO Ta pi3HOMAHITHUX JKUBUX OpPraHi3MiB,
4Kl JUXal0Th PO3YMHEHUM Yy BoJl KucHeM. Kucenb migTpumye ropinHa. [lpu
temrepatypi —183C° kucens 3piKyeThCs (YTBOPIOETHCS OJIAKUTHA PiAMHA), a TIPU
— 219C° - TBepaHE, YTBOPIOIOYH KPUCTAIIM CUHBOTO KOJIBOPY.

OxcureH BXOAMUTH O CKJIaQy OUIBIIOCTI OPraHIYHUX CIONYK. BiH CTaHOBUTH
50 — 90% Macu TKaHWH POCJIMH 1 TBAPUH.

O30 O3 yTBOPIOETHCA 3 KHCHIO MijJ 4Yac TPO3U, MPU OKUCHEHHI CMOJIU

XBOMHUX JIepeB 1 MiJ JI€EI0 COHSYHOTO BUIPOMIHIOBaHHS. Y Jaboparopii ioro
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OTPUMYIOTH B O30HATOpax. 3a 3BHYAMHUX YMOB 030H - 0e30apBHUI (y TOBCTHX
nrapax - OJIaKUTHUIN) Ta3 13 3amaxoM, Baxudui 3a moBiTps. O30H € oTpyiHuUM. Bin
3ryOHO Jii€ Ha OakTepii 1 3aCTOCOBYETHCS ISl 3HE3apaKCHHS TOBITPS 1 MUTHOI
BOJIM.

VY BepxHiX mapax atMocdepu iCHye 030HOBHUH IIap, KW 3aXUIIA€ BCE KHUBE

B1J1 3ryOHOT0 BIUTMBY YJbTPadioieTOBOr0 BUIPOMIHIOBAHHS.
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UNIT TWELVE

Oxidation

Lo | VOCABULARY

__ Translate the following words and write them down!

cloudy (adj) oxidation (n) to oxidize (v)

fractional (adj) oxide (n) wax (n)

Before you read answer the questions:

“\1 1. Can you call oxygen and active element and why?
\
e U 2. What is the main quality of oxygen?
READ the text!

OXIDATION. OXIDES

Chemical reactions of oxygen with substances are referred to as oxidation
reactions, and the resulting substances are referred to as oxides.

Oxide is a complex substance made up of atoms of two elements, one of
which is oxygen.

Burning phosphorus is oxidized and
phosphorus oxide(V) P,Os is obtained. While
burning coal, sulfur, iron oxidize and form
oxides, namely: carbon dioxide CO; is carbon
monoxide (I1V), sulfur dioxide SO, is sulfur

oxide (I1V), iron scale Fe,;O, is iron oxides (Il
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and 111).

- Metal oxides like iron scale and copper oxide (1)
are solids. Oxides of non-metals can be solid like
phosphorus oxide (V), and liquid (water), and gaseous
. like sulfur dioxide and carbon dioxide (under normal
conditions). Oxides are obtained by oxidation with

oxygen not only of elementary substances, but also of

some complex substances. Let's light a candle and put
it in a jar of oxygen. A candle burns in oxygen with a bright flame. Water droplets
are deposited on the walls of the can. Water is hydrogen oxide H,O. Let's add lime
water to the jar where the candle was burning. It will become cloudy, and this is
a sign of carbon monoxide (V) - carbon dioxide.

The candle is made of paraffin wax. The elements carbon and hydrogen are
included in the composition of paraffin. When a candle burns, a compound of
carbon with oxygen is formed - carbon monoxide (IV), and hydrogen combining
with oxygen forms water:

paraffin + O, — CO; + H,O

Let us examine how to compose the equations for the oxidation of complex
substances using the example of the combustion of acetylene:

acetylene + oxygen — carbon dioxide + water
C.H; + O; —» CO; + H,0

Let's first calculate: a) how
many molecules of carbon dioxide
and b) how many water molecules
are formed during the oxidation of
one acetylene molecule. The C,H,
molecule has two carbon atoms,

and the CO, molecule has one.

This means that one molecule of acetylene will produce two molecules of carbon
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dioxide. There are two hydrogen atoms in the C,H, molecule, and there are also
two in the H,O molecule. This means that one molecule of acetylene will produce

one molecule of water:

C,H, + O, — 2CO, + H,O
OH 0 Let us now determine how many oxygen
e ,,J\H atoms will be used to form two molecules of

T NaCr0- Hi50, -H,0
| ~ |

-
ey - -
i o

] carbon dioxide and one molecule of water.

Oxygen atoms will go as many as they are
O contained in these molecules, i.e. five oxygen
atoms. Five oxygen atoms make up two and a half of its molecules. Equation
coefficients are found:
CoHy +2 2 0O, =2C0O; + H2O
But fractional coefficients in chemical equations, as a rule, are not written. To
get rid of the fractional number (2 2), multiply all the coefficients by 2 and get
the following reaction equation:
2CoH; + 50, =4C0O, +2H0

1. Oxide is an elementary substance made up of atoms of two elements, one of
which is oxygen.

2. Metal oxides are solids and oxides of non-metals can be solid, liquid, and
gaseous.

3. Oxides are obtained by oxidation with oxygen only of elementary
substances but not complex substances.

4. There are two hydrogen atoms in the C;H, molecule and it means that one
molecule of acetylene will produce one molecule of water.

5. As a rule, fractional coefficients in chemical equations are not written.
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water metal solid  paraffin

liquid  cloudy  gaseous

1. Oxides of non-metals can be like phosphorus oxide, and
like water, and like sulfur dioxide and carbon dioxide.

2. If we add lime water to the jar where the candle was burning it will become

3. The elements carbon and hydrogen are included in the composition of

4. oxides like iron scale and copper oxide (1) are solids.
5. When a candle burns, a compound of carbon with oxygen is formed -

carbon monoxide, and hydrogen combining with oxygen forms

1. oxidation a) coefficient
2. resulting b) reaction

3. paraffin c) droplets

4. fractional d) substance
5. bright e) water

6. water ) wax

7. lime g) flame
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toinclude toobtain  todeposit torefer  to oxidize

1. Chemical reactions of oxygen with substances are to as oxidation
reactions, and the resulting substances are to as oxides.
2. When a candle burns in oxygen with a bright flame, water droplets are

on the walls of the can.

3. While burning sulfur and forms sulfur dioxide SO, which is sulfur
oxide (V).
4. Oxides are by oxidation with oxygen not only of elementary

substances, but also of some complex substances.
5. The candle is made of paraffin wax so the elements carbon and hydrogen

are in the composition of paraffin.

['opinHs B MOBITP1 BiAOYBAEThCS MOBUIBHIIIE, HIK Y KUCHI, OCKUTBKA
B TIOBITPI KHCEHb Iy>K€ p030aBlieHUH a30TOM, 1 3 MOBEPXHEI PEUYOBHHH, IO
TOPUTh, CTUKAETHCS MEHILIE MOJIEKYJ KHCHIO, HDK TiJ] 4ac TOPIHHA B YUCTOMY
kucHi. Kpim Toro, temneparypa ropiHHS B MOBITpI HE Taka BUCOKA, 00 TEIJIOTA,
KOTpa MpHU LIbOMY BUAUISIETHCS, BUTPAYAETHCSI HA HArPIBAaHHS HE TIJIBKHU MPOJYKTIB
3rOpsIHHS, a i Ha HarpiBaHHS a30Ty MOBITPA.

B3aemoziss peyoBMH 3 KHCHEM HE 3aBXIW MOXE CYINPOBOIKYBAaTHCS
TOpPIHHAM, OAHAK MPH I[bOMY 3aBXAM BUBUIbHAETbCS TemioTa. [loaiOHI nmpouecu
3BYThCSl TIOBUIBHUM OKHUCHEHHsSIM. B KaM'SHOBYT'UIBHHX IIaXTax, HE3BAXKAalOUM Ha
JIOCUTh TIOCWJICHY BEHTHJIAIIIO, 3aBXIHU CIOCTEPITAETHCS TMIJBUIICHUH YMICT
BYTJIEKUCIJIOTO Ta3y, KOTPUM YTBOPIOETHCS TaM B PE3YJIbTATI MOBUIBHOTO OKUCIECHHS

Byrumisi. Pi3HI MeTaneBi BHpoOOM 13 YacoM 3HAYHO TEMHIIIAIOTh, TOMY IO
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OUTBUIICTH METATIB MOBIIBHO OKHCIIOETHCS MiJ BIUIMBOM IOBITPS HAaBITh IMPHU
CTaHIapTHUX YMOBax.

B pasi noBiIbHOTO OKMCHEHHS! pEYOBMHU M MaTepiaily Ha BUPOOHUIITBI, KOJIU
TEIUIOTa HE BIJBOAMTHCA, MIABHUILYETHCS TEMIEpaTypa Tak, M0 TPAITUTHCS MOXE
camo3aiiMaHHs, TaKk SIK NOBUIbHE OKHCHEHHs INEPEXOIUTh B IpPOLEC TOPiHHSA, U

34aTHC CIIPUYHNHUTH ITOKCKY.
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UNIT THIRTEEN

Flame

VOCABULARY

Translate the following words and write them down!

to accompany (V) fuel (n) soot (n)

adjacent (ad)) fume (n) volatile (adj)

to char (v) luminous (adj) whitish (adj)

combustion (n) molten (adj) wick (n)
shell (n)

N Before you read answer the questions:
t‘; 1. Can you give definition to a flame?

2 What parts does the flame consist of?

READ the text!
FLAME

Combustion of various fuels is usually accompanied by the appearance of
a flame. To study the structure of the flame,
we will use a paraffin candle. Paraffin is
amixture of carbon and hydrogen
compounds.

Let's light a candle and examine

the flame. Three parts are found in it:

the inner, dark part adjacent to the wick, a luminous cone around it, and a barely
noticeable shell outside. The wick itself does not burn (only the bent end of it

burns). It serves to supply molten paraffin to the combustion zone.
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Let's examine the composition of each part of the flame. If the end of a glass
tube is inserted into the inside of the flame, a whitish smoke which can be ignited
will come out through it. These are paraffin fumes. So, the inner, dark cone of
flame is formed by paraffin vapor.

Let’s introduce a cold object (for example, a porcelain cup)
into the middle of the flame - a glowing cone - for a short time.
The cup will be smoked and covered with soot. This means that
the luminous cone contains free carbon in the form of small
particles of soot coal. We know the composition of the outer

cone of the paraffin flame: these are the end products of

the combustion of paraffin — water vapor and carbon dioxide.
Bring a splinter into the flame for a short time.

The splinter will be charred only in those places that are in the outer cone.
This means that the flame temperature in it is the highest.

Where does the coal in the middle of the flame come from? When a lighted
match is brought to the wick, the paraffin melts and begins to evaporate.
The vapors rising from the wick ignite. Due to the high temperature in the middle
of the flame, the paraffin vapor decomposes. This produces the smallest particles of
coal, hydrogen and wvolatile carbon-hydrogen /
compounds. The hydrogen burns in the air leaking to & &/ ,

the flame from below. From the heat of combustion,

particles of coal are heated, so the flame glows. In A}) é 3 zg

the outer part of the flame, particles of coal are burned,

carbon dioxide is formed. Here the flame temperature /jl‘ j \}&ﬂ )Y
: : : : : % Wy ¥ %,9
rises even more in comparison with the middle part, Y e

but the glow disappears.
If air is blown into the candle flame through a glass tube, the flame becomes

almost non-luminous, and soot does not settle on the object introduced into it. This
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Is due to the fact that with sufficient air flow, coal particles burn quickly and do not

stay in the flame. Flames are also formed in the furnaces of the stoves.

»? 25  TASK 1. Find out if the following suggestions are TRUE or FALSE.

"

- 1. The flame consists of three parts: the inner, dark part adjacent to

the wick, a luminous cone around it, and a barely noticeable shell outside.

2. The inner, dark cone of flame is formed by paraffin vapor and the outer
cone of the paraffin flame is formed by water vapor and carbon dioxide.

3. Due to the low temperature in the middle of the flame, the paraffin vapor
decomposes and it produces the smallest particles of coal, hydrogen and volatile
carbon-hydrogen compounds.

4. In the outer part of the flame the temperature rises even more in comparison
with the middle part and the glow appears.

5. If air is blown into the candle flame through a glass tube, the flame becomes

luminous and soot settles on the object introduced into it.

luminous  mixture  shell combustion  vapor

match

1. A soft white substance used for making candles called paraffin is a
of carbon and hydrogen compounds.

2. The inner, dark cone of flame is formed by paraffin

3. When a lighted is brought to the wick, the paraffin melts and
begins to evaporate.
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4. When we light a candle and examine the flame, we will see a dark part
adjacent to the wick, a cone around it, and a barely noticeable
outside.

5. We know the composition of the outer cone of the paraffin flame: these are
the end products of the of paraffin.

TASK 3. Match the words in the two columns.

1. a whitish a) fumes

2. paraffin b) smoke

3. a porcelain c) fuels

4. various d) cup

5. combustion e) coal

6. soot f) paraffin
7. molten g) zone

Jw ;3 ;j“@ TASK 4. Choose the appropriate verb.

to char to ignite

to supply

to evaporate to accompany

1. Combustion of various fuels is usually by the appearance of
a flame.

2. The wick itself does not burn but it serves to molten paraffin to
the combustion zone.

3. The splinter will be only in those places that are in the outer cone
and it means that the flame temperature in it is the highest.

4. When a lighted match is brought to the wick, the paraffin melts and begins

to
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5. If the end of a glass tube is inserted into the inside of the flame, a whitish

smoke which can be will come out through it.

7

noJiyM'sl, MOKHA TOMITHTH, L0 TMOJYM'ss HE € OJHOPIAHKMM. 3BEPHHU yBary Ha

HKHIO 3allajJIuTu CBquy Ta YBAKHO IIOAMBHUTUCA Ha

ICHYBaHHS JICKUIBKOX 30H, SIK1 BIIPI3HAIOTHCS 32 KOJIHOPOM.

VY HWKHIA, TEMHIIIN YacTUHI MOIyM's, TeMIeparypa € HEeBHCOKow. Yepes
HecTavy MOBITPS, Y L1 YaCTUHI Maiie He BIIOYBAE€ThCS TOPIHHS.

VY cepenHili 4yacTuHI monyM's, Temieparypa € Bumow. Came TyT 3ropsie
YacTUHA PEYOBHH, a pPElITa — MEPETBOPIOETHCS HA Ta3M 1 YaCTOUKHU Caxkl. KO y
IO JUISIHKY TMOJyM's NOMICTUTH IINAareib, MOXHa CIIOCTEpIraTH YTBOPEHHS
KINTSBH Ha HHOMY.

VY BepxHiil 4acTHHI MOJIYM'st TeMIeparypa € HaiBuiow. Came y 1ii JUIIsSHII
PEUYOBUHU MOBHICTIO 3ropsitoTh. [1i1 yac ropiHHS yTBOPIOIOTHCSI BYTJIEKHCIUHN ra3 1

BO/JISIHA T1apa.
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UNIT FOURTEEN

= VOCABULARY
pICTIONARY -

5 - Translate the following words and write them down!
to collide (v) to flood (v) rapid (adj)
decisively (adv) greenhouse (n) to rotate (V)
to dilute (v) inverse (adj) spark (n)
to extinguish (v) manure (n) tarp (n)

Before you read answer the questions:

1. Can oxidation be dangerous and why?

2. |s there any connection between the oxidation and combustion?

READ the text!
COMBUSTION AND SLOW OXIDATION

Oxidation reactions, accompanied by the release of heat and light, are called
combustion.

Combustion in air is slower than in
oxygen, because oxygen in air is highly
diluted with nitrogen and fewer oxygen
molecules collide with the surface of

the burning substance. And the temperature

during combustion in air is less high, since
N\ 3
the released heat is spent not only on heating the initial substances, but also on

heating nitrogen.
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Phosphorus, burning in air, forms phosphorus oxide (1V), as well as burning in
oxygen, coal forms carbon monoxide (IVV) CO, and sulfur - sulfur oxide (IV) SO..
The sparks bursting from under the knife, which is sharpened on a rapidly rotating

stone, are red-hot particles of the same iron scale that is obtained when iron burns

In oxygen.
To ignite a substance in air, it must be
SIOW preheated to a certain temperature, which is
Oxidation called the ignition temperature of this

substance. The ignition temperature of
sulfur and wood is about 270°C, coal -
I .
Ca Mg Na K

350°C. If air has access to an ignited

- substance, then it continues to burn,
because due to the heat released during combustion, the temperature of
the substance is maintained above the temperature of its ignition.

Thus, in order to cause combustion, it is necessary: a) to heat the substance to
the ignition temperature and b) to provide access to oxygen.

And how to solve the inverse problem - to stop burning, extinguish the flame?
Obviously, it is necessary either to cool the substance below the ignition
temperature, or to stop the access of oxygen to it.

Pour some alcohol into a porcelain cup, set
Reaction Rates

it on fire, and then cover the cup tightly with Fast: w
a sheet of thick paper. The flame of alcohol will p Siigation: Fapar bumang

OoW.
go out, since there is no access to air, and ___ Oxidation: Nails rusting|

Paper turning yzllow |

the paper will not ignite, since it will not heat up | B
to the ignition temperature. Lad 'ﬁﬁgm

The fire is extinguished by covering the burning object with a tarp or blankets.s
You need to act quickly and decisively. Such action has prevented many fires and
saved many lives. To extinguish burning wood or coal, they are flooded with water.

Water lowers the temperature and prevents air from reaching the hot substance.
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Although the oxidation of substances

occurs with the release of heat, it may not i ’ : = Relizm
be accompanied by combustion. This gi'”’ S
process is called slow oxidation. z 2

In air, for example, manure is b
oxidized. Therefore, in hot frames and ™o 100 200 300 400 500

Number of cycles

greenhouses, manure is used to warm the soil.

If it is difficult to remove the heat released during the slow oxidation of
a substance, its temperature can rise to the ignition temperature. Then spontaneous
combustion occurs. In factories and car depots, it is forbidden to accumulate oily

rags in heaps after wiping machines so that spontaneous combustion does not

occur.

1. Combustion is an oxidation reaction, which is accompanied by
the release of heat.

2. The temperature during combustion in air is lower as the released heat is
spent not only on heating the initial substances, but also on heating nitrogen.

3. A substance must be preheated to a certain temperature, which is called
the ignition temperature of this substance to ignite in air.

4. It is necessary only to heat the substance to the ignition temperature to
cause combustion,

5. It is forbidden to keep oily rags after wiping machines in factories not to

cause spontaneous combustion.
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combustion  scale  rotating  heat

slow ignition  flooded  oxidation

1. The sparks bursting from under the knife, which is sharpened on a rapidly
stone, are red-hot particles of the same iron that is obtained when

iron burns in oxygen.

2. Although the oxidation of substances occurs with the release of , it
may not be accompanied by . This process is called slow oxidation.

3. If it is difficult to remove the heat released during the oxidation of
a substance, its temperature can rise to the temperature.

4. To extinguish burning wood or coal, they are with water.

5. reactions, accompanied by the release of heat and light, are called

combustion.

1. slow a) stone

2. the burning b) substance
3. an oxidation C) temperature
4. inverse d) reaction

5. initial e) oxidation
6. the ignition f) object

7. arapidly rotating g) problem
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to extinguish ~ tocause  tocollide  to provide

to maintain  todilute  topreheat  to continue

1. If air has access to an ignited substance, then it to burn, because
due to the heat released during combustion, the temperature of the substance is
above the temperature of its ignition.
2. Combustion in air is slower than in oxygen, because oxygen in air is highly
with nitrogen and fewer oxygen molecules with the surface of
the burning substance.
3. To ignite a substance in air, it must be to a certain temperature,

which is called the ignition temperature of this substance.

4. The fire is by covering the burning object with a tarp or blanket.
5.To combustion, it is necessary to heat the substance to the ignition
temperature and access to oxygen.

["opiHHS - 11e peakiii OKUCHEHHS, 10 CYIPOBOKYIOTHCS
BUJIUICHHSAM Teria ¥ cBiTia. OKMCHEHHS PEYOBHH, IO BiOyBaeThcsl O€3 CBITIIA, a
JuIe 3 BUAUIGHHSM TEIUIOTH (TEIUIOBOi €eHeprii), Ha3uBalOTh MOBLILHUM
OKHCHEHHSIM. Peakilisi TOBUIBHOTO OKHCHEHHsSI HE CYIPOBOKYETHCS IOSBOIO
CBITJIA 1 B1IOYBA€THCS MOBUIBHO.

Ha TemnoBuxX €JEKTPOCTAHIISX TOPIHHSA ManuBa (BYTUUIs, MPOIYKTIB
nepepoOku HadTH) BUKOPUCTOBYIOTH 3 METOIO0 TIEPETBOPEHHS TEIUIOBOI €HEprii B
CJICKTPUYHY. Y JBUTYHaX aBTOMOOUTIB OCH3WH CHANIOIOTH, 00 TEPETBOPUTH
XIMIYHY €HEepriio Ha MexaHiuHy. Ha mertamypriiiHux 3aBojax (Taky Ha3By MaroTh

MIIPUEMCTBA 3 BUPOOHMIITBA METANIB 3 pya) OaraTo peakiiii BigOyBarOThCsS
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3aBISKH TOPIHHIO. 30KpeMa, Y BUPOOHHUIITBI 3aii3a 3 Py MPUCYTHE CIAIIOBaHHS
KOKCY - BUCOKOCOPTHOTO BYT1IIJISI.

Yac Big yacy Ha BUPOOHHUITBI TPAIUISIIOTHCS BHOYXH TOPIOUYHMX PEUYOBUH,
3MIMIAHUX 3 KHCHEM, fKI MPHU3BOAATH 0 PyHHYBaHb 1 HaBITh JIOJCHKHUX BTpaT.
30KkpeMa, y BYTUIbHUX IIaXTaxX TPAIUISIOTHCS BUOYXHU CyMIlIl MOBITPS 3 METAHOM.
bararo 30uUTKIB 3aBIalOTh MOXKEXI NpU HEAOATOMY CTaBJIEHHI YW BHACIIAOK

camo3aiiMaHHs (HapUKIIaJ, TOPIHHSA TOP( STHUX IPYHTIB y CIIEKY) TOIIO.
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EDUCATION
VOCABULARY

GLOSSARY

A

absorption (n, uncount) un.3 — morJMHaHHA - & pProcess in which something
takes in liquid, gas, or heat.

abundant (adj) un.1l — mommpenwii, yMcaeHHuii - something that is
abundant exists or is available in large quantities so that there is more than enough.

to accompany (v) un.13 — cympoBomxyBaTucsa - t0 happen or exist at
the same time as something else.

adjacent (adj) un.13 — cymixkuuii, cycigniii - a room, building, piece of land
etc that is adjacent to something is next to it.

aid (n, count) un.8 — nomomizkna pedoBuHa, Kod6aBKa - something such as
a machine or tool that helps someone do something.

aluminum (n, uncount) un.1 — amxrominii - a silver-white metal that is very
light and is used to make cans, cooking pans, window frames etc. It is a chemical
element: symbol Al.

amount (n, count/uncount) un.2 — kiabkicTh, 00’eMm — a quantity of
something such as time, money, or a substance.

application (n, count, uncount) un.1 — Buxkopucrannsi — the practical purpose
for which a machine, idea etc can be used, or a situation when this is used.

to attach (v) un.7 — ckpiniroBaru, nmoB’sizyBatu - t0 fasten or connect one
object to another (=fix).

B

blinding(adj) un.11 — caimyunii — so bright or strong that you cannot see
properly.

boiling point (n, count, sing) un.l — TemmepaTypa KHIIHHA —
the temperature at which a liquid boils.

to bond with/to (v) un.2 — moexnyBaTHcs — to connect with something.

bottom (n, count) un.11 — ano - the lowest inner surface of something such as
a container.

brazier (n) un.9 — :kapoBHsi, koHdopka - a metal container that holds a fire
and is used to keep people warm outside.

brittle(adj) un.9 — kpuxkmuii, 1amkwuii - hard but easily broken.

burner (n, count) un.11 — maaesHuk - the part of an oven or heater that
produces heat or a flame.
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| &

calcination (n, uncount) un.5 — kaabumHamisi, BUNaJ - the process of heating
a substance to a high temperature but below the melting or fusing point, causing
loss of moisture, reduction or oxidation, and dissociation into simpler substances.

to calcine (v) un.3 — nmpo:kapwoBaTH, odnajawBaTH, cnoneasiti - to heat
(something, such as inorganic materials) to a high temperature but without fusing
in order to drive off volatile matter or to effect changes (such as oxidation or
pulverization).

to calculate (v) un.6 — o6umcamTu, migpaxyBaru - to find out how much
something will cost, how long something will take etc, by using numbers.

carbon (n, uncount) un.1 — Byraeun - a chemical substance that exists in
a pure form as diamonds, graphite etc, or in an impure form as coal, petrol etc. It is
a chemical element: symbol C.

to cease (V) un.10 — 3ynunsiTHcs, npunMHSTHCSA - 10 Stop doing something or
stop happening.

cell (n, count) un.2 — kairuna - the smallest part of a living thing that can
exist independently.

to char (v) un.13 — o6roparu, o6majdwBaTH, 00BYrJIHBaTH — t0 burn
something so that its outside becomes black.

charcoal (n, uncount) un.5 — nepeBne Byrisus - a black substance made of
burnt wood that can be used as fuel.

cloudy (adj) un.12 — nempo3opmnii — cloudy liquids are not clear.

coating (n, count) un.10 — moxpurTs - a thin layer of something that covers
a surface.

to collide (v) un.14 — cruxkaruca — to hit something or someone that is
moving in a different direction from you.

combination reaction un.10 — peakmis cmoayku — combination of two or
more different things that exist together or are used or put together.

combustible (n, adj) un.3 — nerko3aitmucruii - able to burn easily.

to compose (V) un.2 — yreoproBatu, ckjaagatu — to combine together to form
something (=make up).

combustion (n, uncount) un.13 — ropinusi, okucaenusi - the process of
burning, chemical activity which uses oxygen to produce light and heat.

complex (adj) un.4 — ckJaaHuii, 6araTOKOMIIOHEHTHHIA - consisting of many
different parts and often difficult to understand (=complicated).

composition (n, count/uncount) un.6 — ckyIagaHHs, MOOY/A0BA, 3’ €THAHHS —
the way in which something is made up of different parts, things, or members.

to conduct (v) un.5 — mposoamTH, mponyckatu - if something conducts
electricity or heat, it allows electricity or heat to travel along or through it.

conductivity (n, uncount)un.5 — mpoBigHicTh, eJieKTpOoNPoOBiAHICTH - ability
to conduct electricity, heat etc.

to consider (v) un.7 — moaymaTH, po3KHHYTH Mo3koMm - to think about
something carefully, especially before making a choice or decision.
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to consist of (v) un.2 — ckaamaTucs 3 - to be formed from two or more things
or people.

constant (adj) un.7 — mocriitna Beamumna - happening regularly or all
the time (=continual).

constituent (n, count) un.5 - one of the substances or things that combine to
form something.

to consume (V) un.9 — cmo;KMBaTH, BUTPAYaTH, MOIJIMHATH - tO USe time,
energy, goods etc.

to contaminate with (v) un.2 — 3abpyanioBaTtu, oTpywBatu - t0 make
a place or substance dirty or harmful by putting something such as chemicals or
poison in it.

to contradict (v) un.9 — 3anepeuyBartu, cnpocroByBaTu - t0 disagree with
something, especially by saying that the opposite is true.

to convert to-into (v) un.10 — neperBopuTH, Tpanchopmysaru - t0o change
something into a different form, or to change something so that it can be used for
a different purpose or in a different way.

copper (n, uncount) un.1 — mige - a soft reddish-brown metal that allows
electricity and heat to pass through it easily, and is used to make electrical wires,
water pipes etc. It is a chemical element: symbol Cu.

corrosive (adj) un.1 — inkwuii, arpecuBHmii - a corrosive liquid such as an acid
can destroy metal, plastic etc.

to crush (v) un.5 — moroBkTH B mopomok - to press something in order to
break it into very small pieces or into a powder.

crust (n, count/uncount) un.11 — xopa, ocax - a thin hard dry layer on
the surface of something, the hard outer layer of the Earth.

crystalline (adj) un.1 — kpucraxiunumii, nmpo3opuii - made of crystals, very
clear or transparent, like crystal.

D

decisively (adv) un.14 — pimryue, 6e360s13H0 - definite and clear in a way that
leaves no doubt.

decomposition reaction (n, count) un.10 — peakuisi po3naxy — to decompose
means to divide into smaller parts, or to make something do this.

to decrease (v) un.9 — 3MeHHIyBaTH, 3HUKYBAaTH, CKOPOYYBAaTHCH —
to become less or go down to a lower level, or to make something do this
(=reduce).

density (n, uncount) un.1 — miabHicTs — the degree to which an area is filled
with people or things.

to depend on (V) un.2 — 3amexkaTm Bia, mokjJaagaTuca Ha - {0 need
the support, help, or existence of someone or something in order to exist, be
healthy, be successful etc (=rely on).

to depict (v) un.7 — mamoBaTtu, onucyBatu - to describe something or
someone in writing or speech, or to show them in a painting, picture etc.
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to derive (v) un.7 — BuBoauTH, Buiay4datu - to develop or come from
something else.

to destroy (v) un.8 — 3pyiinyBaTH, 3HuiuTH - t0 damage something so badly
that it no longer exists or cannot be used or repaired.

to dilute (v) un.14 — po36aBasaTucsa - to make a liquid weaker by adding
water or another liquid.

to dissolve (v) un.2 — po3uunsTucs - if a solid dissolves, or if you dissolve it,
it mixes with a liquid and becomes part of it.

divalent (adj)un.7 — nBoBaJileHTHHIi, TBoXaToMHuUii - bonded to two other

atoms or groups.

elementary (adj) un.4 — mpocTuii,ocHOBHMH, eJeMeHTapHmii - Simple or
basic.

ember (n, count) un.11 — Tairoue Byrijas - a piece of wood or coal that stays
red and very hot after a fire has stopped burning.

equation (n, count) un.10 — piBusgHHa — a Statement in mathematics that
shows that two amounts or totals are equal.

essence (n, count/uncount) un.8 — ecenmisi, ekcTpakrt - the most basic and
important quality of something, a liquid obtained from a plant, flower etc that has
a very strong smell or taste and is used especially in cooking.

evaporation (n, uncount) un.8 — BUmapoBYBaHHsI, apoyTBopeHHs - if
a liquid evaporates, or if heat evaporates it, it changes into a gas.

to exhaust (v) un.6 — BucHaxkyBaTu, cmycrouryBatu - to use all of something
(=use up).

explosion (n, count) un.3 — Budyx - a loud sound and the energy produced by
something such as a bomb bursting into small pieces.

to extinguish (v) un.14 — racuru - to make a fire or light stop burning or
shining(=put out).

to extract from (v) un.2 — BuTsiryBaru - to carefully remove a substance from
something which contains it, using a machine, chemical process etc.

)

to facilitate (v) un.3 — cnpusitu, mojiermryBaru - t0 make it easier for
a process or activity to happen.

to familiarize (v) un.7 — mo3naitomuTn - to make known or familiar.

flame (n, count/uncount) un.11 — moaym’s - hot bright burning gas that you
see when something is on fire.

to flatten out (v) un.5 — poouTucs miaockum - to make something flat or
flatter, or to become flat or flatter.

to flood (v) un.14 — nanoBHIoBaTH (pinuHo0) — t0 cover a place with water,
or to become covered with water.

fraction (n, count) un.6 — npo6oBa wacruna - a part of a whole number in
mathematics, such as % or %/.
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fractional (adj) un.12 — ne3naunmii, apodosBuii - very small in amount
(=tiny), relating to fractions, in mathematics.

fragile (adj) un.1 — kpuxxkwuii - easily broken or damaged.

fume (n, count) un.13 — qum ado mapa 3 cuJabHHM 3anmaxom - to give off
smoke or gases.

fusible (adj) un.1 — nerkomaBkmii, po3unnHuii - able to be fused or melted

easily.
G

gaseous (adj) un.2 — razomoxionuii — like gas or in the form of gas.

to glow (v) un.4 — ropiru, Tairu - to produce or reflect a soft steady light
(=shine).

greenhouse (n, count) un.14 — remumsa — a glass building used for growing
plants that need warmth, light, and protection.

(finely) ground (adj) un.3 — po3mesiennii, moapioHenmii - broken up into
powder or very small pieces, using a special machine.

) S ¢

handle (n, count) un.11 — pyuka - the part of an object that you use for
holding it.

hardness (n, uncount) un.1 — TBepaicTh, miJgbHicTH - & Material that would
combine the flexibility of rubber with the hardness of glass.

heating (n, uncount) un.3 — po3:kapwoBaHHs, migirpiBanns - making
something warm.

homogeneous (adj) un.4 — oxHomMaHiTHMIi, ogHOCKJIAAHMIA - consisting of
people or things that are all of the same type.

hydrogen (n, uncount) un.4 — Boxens - a colourless gas that is the lightest of
all gases, forms water when it combines with oxygen, and is used to produce
ammonia and other chemicals. It is a chemical element: symbol H.

X

to ignite (v) un.3 — 3anamoBaTH, 3aropsitucs - to start burning, or to make
something start burning.

to immerse (V) un.11 — 3anyproBaTu B piguny - t0o put someone or something
deep into a liquid so that they are completely covered.

(foreign) impurity (n, count/pl) un.2 — croponnst tomimka — a substance of
a low quality that is contained in or mixed with something else, making it less pure.

inanimate nature (n, uncount) un.11 — meskmBa mpupoaa - not living.

to increase (v) un.9 — 36iabmmTH, BUpocTH - if you increase something, or if
it increases, it becomes bigger in amount, number, or degree.

infinity (n) un.8 — HeckiHuyeHHicTb, Oe3Me:kHicTh - a space or distance
without limits or an end, a number that is too large to be calculated.

inverse (adj) un.14 — 3poporHuii, mporuaexuuii - if there is an inverse
relationship between two amounts, one gets bigger at the same rate as the other gets
smaller.
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to involve (v) un.8 — mepexbauatu BukoHaHHsi - t0 include or affect
someone or something.
iron (n, uncount) un.1 — 3axaizo — a common hard metal that is used to make
steel, is magnetic, and is found in very small quantities in food and blood. It is
a chemical element: symbol Fe.
J

jar (n, count) un.11 — ckasima 6anka — a glass container with a wide top and
a lid, used for storing food such as jam or honey, or the amount it contains.
to join (v) un.8 — moB's3yBaru, 3'e¢amyBaTu - t0 connect or fasten things

together.
) &

lack (n, uncount, v) un.5 — Hecraua, morpeoda, BincyTnicrn - when there is
not enough of something, or none of it.

lime (CaO) (n, uncount) un.3 - BamHo, Hakum - & White substance obtained by
burning limestone, used for making cement, marking sports fields etc.

to link (v) un.7 — mom’si3yBaTH, 3’€aHyBaTH, 3uimmoBath - t0 make
a connection between two or more things or people.

luminous (adj) un.13 — Toii, mo cBiTHTHLCA, OIHCKYYHii - Shining in the dark,
very brightly coloured, especially in green, pink, or yellow.

lump (n, count) un.2 — Beukmii mMaTok - a sSmall piece of something solid,
without a particular shape.

lustre (n, uncount) un.5 — éamck - an attractive shiny appearance.

VK

to make up something (v) un.11 — yrBopwoBaTu, ckjagaTu - to combine
together to form something (=constitute).

manure (n, uncount) un.14 — oprauniune modpuBo — waste matter from
animals that is mixed with soil to improve the soil and help plants grow.

melting point (n, count) un.1 — Temneparypa nJaasJyeHHs - the temperature
at which a solid substance becomes a liquid.

to mix (v) un.8 — 3mimyBaru, 3'exnyBaTm - If you mix two or more
substances or if they mix, they combine to become a single substance, and they
cannot be easily separated.

mixture (n, count) un.4 — cymim - a combination of substances that are put
together but do not mix with each other.

molten (adj) un.13 — po3naaBaennii, pizkuii — molten metal or rock has
been made into a liquid by being heated to a very high temperature.

monovalent (adj) un.7 — oxnoBasienTHHiIi - having a valence of one.

to move (v) un.8 — mepenocutHn, pyxaru - to change from one place or
position to another, or to make something do this.

to multiply (v) un.6 — muoxkuTu - to do a calculation in which you add
a number to itself a particular number of times.
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N

nylon (n, uncount) un.1 — He#Jaon - a strong artificial material that is used
to make plastics, clothes, rope etc.

to obtain (v) un.9 — 3xo6yBaTu, nocaraTu - to get something that you want,
especially through your own effort, skill, or work (=get).

to occur (v) un.8 — BizdyBaTHcs - to happen or exist in a particular place or
situation.

occurrence (n, count) un.3 — BUHMKHEHHS, TOsIBa - SOMething that happens.

odour (n, count/uncount) un.3 — apomar, 3amax - a smell, especially
an unpleasant one.

opaque (adj) un.5 — Hempo3opwuii, HenmpoHukHuU# - opaque glass or liquid is
difficult to see through and often thick.

to originate (v) un.8 — BuHHMKaTH, OpaTH mo4yaTtoKk - t0 come from
a particular place or start in a particular situation.

oxidation (n, uncount) un.12 — oxkucJenns - gain of oxygen.

oxide (n, count/uncount) un.12 — oxmc - a substance which is produced when
a substance is combined with oxygen.

to oxidize (v) un.12 — oxucasTH, okucaBaTucs - to0 combine with oxygen,
or make something combine with oxygen, especially in a way that causes rust.

oxygen (n, uncount) un.1 — kucenn» — a gas that has no colour or smell, is
present in air, and is necessary for most animals and plants to live. It is a chemical
element: symbol O.

P

phenomenon (n, count) un.8 — enomen, sisume - something that happens or
exists in society, science, or nature, especially something that is studied because it
is difficult to understand.

poisonous (adj) un.1l — orpyiiHuii - containing poison or producing poison
(a substance that can cause death or serious illness if you eat it, drink it etc).

powder (n, count/uncount) un.2 — mopomok - a dry substance in the form of
very small grains.

precipitate (n, count) un.3 — ocapx - a solid substance that has been chemically
separated from a liquid.

to preserve (v) un.8 — 36epiraru - to make something continue without
changing.

property (n) un.1 — BaacTuBicTh - a quality or power that a substance, plant
etc has (=characteristic).

protein (n, count/uncount) un.l — 6iJok, mporein - one of several natural
substances that exist in food such as meat, eggs, and beans, and which your body
needs in order to grow and remain strong and healthy.

provision (n) un.8 — npuroTyBaHHsi, pe3eps, miAroroBka - a condition in
an agreement or law.
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Q@

qualitative (adj) un.6 — saxicumii - relating to the quality or standard of
something rather than the quantity.
guantitative (adj) un.6 — kinbkicHmii - relating to amounts rather than to
the quality or standard of something.
R

rapid (adj) un.14 — mBuakwuii - happening or done very quickly and in a very
short time (=fast, quick).

ratio (n, count) un.6 — mponopuis, koedimicHT BiTHOCHMHHU - a relationship
between two amounts, represented by a pair of numbers showing how much bigger
one amount is than the other.

reacting substance (n) un.9 — peyoBuHa, mo pearye - substance or material
which enters into a chemical reaction with other stable or unstable material.

red-hot(adj) un.4 — marpiTuii 10 YepBoHoOro po3:kapwBanus - metal or rock
that is red-hot is so hot that it shines red.

relative (adj) un.6 — Biznocne umciao - having a particular value or quality
when compared with similar things.

release (n, uncount) un.3 — suaijenns - when a chemical, gas etc is allowed
to flow out of its usual container.

to represent (V) un.7 — 300pazkaTu, mpeacTaBJATH - t0 be a sign or mark that
means something.

residue (n, count/uncount) un.5 — ocaax, 3o0sa, Harap - a substance that
remains on a surface, in a container etc and cannot be removed easily, or that
remains after a chemical process.

respiration (n, uncount) un.11 — nuxanns - the process of breathing.

resulted substance (n) un.9 — orpumana peyoBuna — the substance we get as
a result of a chemical reaction.

to retain (v) un.4 — 36epiraTu, yrpumyBaru - to keep something or continue
to have something.

retort (n, count) un.9 — xoa6a (mocyauua) - a bottle with a long narrow bent
neck, used for heating chemicals.

to rotate (v) un.14 — o6eprarm - to turn with a circular movement around
a central point, or to make something do this (=revolve, spin).

=

scale (n, count) un.9 — po3mip, mkagaa, rpagamis - a whole range of different
types of people or things, from the lowest level to the highest.

sealed (adj) un.9 — repmernunuii - shut or protected with something that
prevents air, water etc from getting in or out.

sediment (formation) (n, count/uncount) un.3 — ocan - solid substances that
settle at the bottom of a liquid.

to separate (v) un.8 — BizokpemuroBaTH, po3kiaaaatu - to divide or split into
different parts, or to make something do this.
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shell (n) un.13 — oGosonka - the outside structure of something, especially
the part of a building that remains when the rest of it has been destroyed.

to smoulder (v) un.11 — tmitu - if something such as wood smoulders, it burns
slowly without a flame.

solid (n, count) un.2 — TBepae Ti;to - a firm object or substance that has
a fixed shape, not a gas or liquid.

soluble (adj) un.1 — po3umnnmii - a soluble substance can be dissolved in
a liquid.

solution (n, count/uncount) un.2 — po3uun — a liquid in which a solid or gas
has been mixed.

soot (n, uncount) un.13 — caxka, kinTsiBa, Harap — black powder that is
produced when something is burned.

spark (n, count) un.14 — ickpa - a very small piece of burning material
produced by a fire or by hitting or rubbing two hard objects together.

splinter (n, count) un.11 — ckima, Tpicka - a small sharp piece of wood, glass,
or metal, that has broken off a larger piece.

starch (n, count/uncount) un.l — xkpoxmaJjsb - a substance which provides
your body with energy and is found in foods such as grain, rice, and potatoes, or
a food that contains this substance (=carbohydrate).

stopper (n, count) un.10 — mpo6xa - the thing that you put in the top part of
a bottle to close it (=cork).

substance (n, count) un.1 — peuoBuna - a particular type of solid, liquid, or
gas.

substitution reaction (n, count) un.10 — peakuis 3amimenns - substitution is
when someone or something is replaced by someone or something else, or
the person or thing being replaced.

to subtract (v) un.9 — BigmimaTm - to take a number or an amount from
a larger number or amount.

sulpfur (n, uncount) un.4 — cipka - a common light yellow chemical
substance that burns with a very strong unpleasant smell, and is used in drugs,
explosives, and industry. It is a chemical element: symbol S.

surface (n, count) un.11 — noBepxHs - the outside or top layer of something.

to suspend (v) un.2 — mpmsymuusitiu - to officially stop something from
continuing, especially for a short time (=stop).

N

tarp / tarpaulin (n, count/uncount) un.14 — 6pe3enT, mapycuHa — a large
heavy cloth or piece of thick plastic that water will not pass through, used to keep
rain off things.

test tube (n, count) un.4 — kouTpoabHa mpodipka - a small glass container
that is shaped like a tube and is used in chemistry.

tissue (n, uncount) un.2 — ronkwuii mamip - light thin paper used for wrapping,
packing etc.

92


https://www.ldoceonline.com/dictionary/structure
https://www.ldoceonline.com/dictionary/rest
https://www.ldoceonline.com/dictionary/destroy
https://www.ldoceonline.com/dictionary/wood
https://www.ldoceonline.com/dictionary/burn
https://www.ldoceonline.com/dictionary/flame
https://www.ldoceonline.com/dictionary/substance
https://www.ldoceonline.com/dictionary/substance
https://www.ldoceonline.com/dictionary/dissolve
https://www.ldoceonline.com/dictionary/liquid
https://www.ldoceonline.com/dictionary/liquid
https://www.ldoceonline.com/dictionary/solid
https://www.ldoceonline.com/dictionary/gas
https://www.ldoceonline.com/dictionary/mix
https://www.ldoceonline.com/dictionary/powder
https://www.ldoceonline.com/dictionary/burn
https://www.ldoceonline.com/dictionary/burn
https://www.ldoceonline.com/dictionary/material
https://www.ldoceonline.com/dictionary/hit
https://www.ldoceonline.com/dictionary/rub
https://www.ldoceonline.com/dictionary/object
https://www.multitran.com/m.exe?s=%D0%BB%D1%83%D1%87%D0%B8%D0%BD%D0%B0&l1=2&l2=1
https://www.ldoceonline.com/dictionary/sharp
https://www.ldoceonline.com/dictionary/wood
https://www.ldoceonline.com/dictionary/glass
https://www.ldoceonline.com/dictionary/metal
https://www.ldoceonline.com/dictionary/substance
https://www.ldoceonline.com/dictionary/provide
https://www.ldoceonline.com/dictionary/energy
https://www.ldoceonline.com/dictionary/grain
https://www.ldoceonline.com/dictionary/rice
https://www.ldoceonline.com/dictionary/potato
https://www.ldoceonline.com/dictionary/contain
https://www.ldoceonline.com/dictionary/bottle
https://www.ldoceonline.com/dictionary/solid
https://www.ldoceonline.com/dictionary/liquid
https://www.ldoceonline.com/dictionary/gas
https://www.ldoceonline.com/dictionary/replace
https://www.ldoceonline.com/dictionary/common
https://www.ldoceonline.com/dictionary/yellow
https://www.ldoceonline.com/dictionary/chemical
https://www.ldoceonline.com/dictionary/substance
https://www.ldoceonline.com/dictionary/burn
https://www.ldoceonline.com/dictionary/unpleasant
https://www.ldoceonline.com/dictionary/smell
https://www.ldoceonline.com/dictionary/explosive
https://www.ldoceonline.com/dictionary/industry
https://www.ldoceonline.com/dictionary/element
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transparent (adj) un.11 — mpo3opwuii - if something is transparent, you can see

through it (=clear).
) *4

valence (n, count) un.7 — BajenTHicTh - @ measure of the power of atoms to
combine together to form compounds.

vaporous (adj) un.2 — maponoaionmii - unsubstantial; diaphanous; airy.

variable (adj) un.7 — nenocriinmii, Hecriikuii - likely to change often.

vessel (n) un.9 — mocyaunHa (nJst pinmHu), cKJIAHKA - a container for holding
liquids.

volatile (adj) un.13 — pewoBuHa, IO JIerKO BHUNAPOBYEThCsi — a Volatile
liquid or substance changes easily into a gas.

volume (n, count/sing) un.2 — o6csir,06’°em — a measurement of the amount of
space that a substance or object fills, or the amount of space in a container (=space
filled).

) ' '4

wax (n, uncount) un.12 — Bick - a solid substance made of fat or oil and used
to make candles, polish etc.

whitish (adj) un.13 — 6aixmii, cBiTamii - almost white in colour.

wick (n) un.13 — ruir - the piece of thread in a candle, that burns when you
light it.

wire (n, count/uncount) un.11 — apir - thin metal in the form of a thread, or
a piece of this.
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